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Foreword 

The appendices In this book contain detailed calculations, 
curves and substantiating data which support the Information 
contained In Volume II ~ Engine Design Characteristics, Appen- 
dix I contains a description of the development of the RLIO 
Ignition system. This Information was Included because the most 
advanced RLIO igniter design is identical to that used on the 
RLIO derivative engines and the data obtained during the de- 
velopment of this Igniter Is directly applicable. Appendix II 
describes the performance calculations used for the RLIO deri- 
vative engines. It Includes a description of the JANNAP method- 
ology used and the performance results obtained. Appendix III 
describes the computer simulations used to establish the control 
system requirements and define the engine transient character- 
istics. Also Included In this appendix are curves obtained 
from the simulation runs which show the transient characteristics 
of various engine parameters during different transient modes. 
Appendix IV describes the computer programs used to define engine 
steady state cycle characteristics. It also Includes cycle 
printout sheets for significant operating points for all of the 
baseline engines. Appendix V presents the Maintainability 
Engineering Layout Review Forms. These forms document the 
results of the reviews made of the engine component layouts 
to Insure that maintainability requirements were adequately 


taken Into account. 
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Development of RLIO Engine Ignition System 

The torch Igniter concept and hardware proposed for use 
In the RLIO derivative engines evolved during eight years of 
RLIO engine development. During this time period three basic 
design changes were made. 

The Initial RLIO design shown In Pig. I-l utilized a 
direct spark Ignition system. Its performance was found to 
be unreliable because the design did not Insure that a com- 
bustible mixture ratio was present at the spark Igniter tip. 

As a result, an extensive research program was conducted 
In 1961 to Investigate the Ignition limits of hydrogen-oxygen 
mixtures and to develop an Improved Igniter system. This 
program Is documented in Reference No. 1, As an aid to under- 
standing the basic Ignition characteristics of a spark Ignited 
hydrogen- oxygen system, a series of static Ignition tests were 
conducted. The effect of spark gap, energy level, propellant 
temperature and flame quenching upon the ignition envelope 
defined by unlit chamber pressure and mixture ratio were in- 
vestigated. The static Ignition envelope achieved by the 
selected RLIO spark gap and energy level with ambient propellants 
Is shown In Pig. 1-2. 

In order to Insure that the propellant mixture present 
at the engine spark igniter was well within the Ignltable region 
defined above, a torch igniter system was developed. This system 
provides a flow of hydrogen and oxygen which Is mixed in a annulus 
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around the spark igniter tip. Ignited by the spark, and passes 
Into the combustion .chamber to Ignite the main propellants 
as shown In Fig. 1-3. The oxidizer flow Is shut off during 
the acceleration to full thrust. This igniter, whose Ignition 
characteristics are shown In Fig. 1-4, Is standard equipment 
for the RLlOA-1, RLlOA- 3 , RLIOA- 3 -I, and RLlOA- 3-3 engines. 

In 1963 a program was Initiated to Increase the reliability 
of the RLIOA- 3 -I Ignition system previously described. This 
program Is documented In Reference No. 2. This Increase In 
reliability was to be accomplished by providing dual exciters 
and spark Igniters and by eliminating the need for an oxidizer 
shutoff valve. The dual spark and exciter configuration pro- 
vided a fall safe energy source and designing the Igniter to 
operate at rated thrust with oxidizer and fuel flow eliminated 
the possibility of Igniter damage due to valve leakage. Eight 
configurations were investigated during the development of the 
Igniter system. The selected configuration, shown In Fig. 1-5, 
provided an Ignition envelope, shown In Fig. 1-6. While this 
dual Ignition system offered Increased reliability It did not 
significantly Improve the allowable range of Ignition. 

In 1965 a program was undertaken to provide an Improved 
Ignition system for the RLlOA- 3-3 engine then under development. 
This program, building upon the results of the previous programs, 
retained the dual spark Igniter and continuous torching features 
while revising the igniter Injection configuration to Improve 
the Ignition envelope. Results of this program were documented 
in monthly contractual reports such as Reference No. 3. 
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Pour configurations were tested leading to the design 
shown In Fig. 1-7. The fuel and oxidizer Is Ignited by a 
spark exciter assembly which provides a minimum of 20 sparks 
per second at an energy level of 0.5 joules. The total oxidizer 
flow Is Injected Into the Igniter through a single oxidizer 
element located In the upper end of the Igniter chamber. Fuel 
flow Is split. Part of the flow Is delivered to a concentric 
slot surrounding the oxidizer Injector element and the remainder 
used for Igniter barrel cooling. The burned propellants are 
discharged Into the main chamber through the Igniter Injector 
sleeve. As shown In Pig. 1-8 the Ignltable envelope was Improved 
considerably over that of the previous design by moving the In- 
jection element closer to the spark Igniter. 

This final Igniter configuration Is standard equipment on 
the RLlOA-3-7 engine and since It has been tested extensively 
under tank head Idle start conditions It was selected for use on 
the RLIO Derivative II engines. Table I-l documents one such 
series of tank head Idle tests on an RLlOA- 3-7 engine at liquid, 
gas and two phase inlet conditions over a range of Inlet pressure 
from 40 psla to I 6 psla. 

The results of the test series shown In Table I-l were used 
In conjunction with an Ignlter/englne chamber rig test series 
to establish the main chamber Ignition envelope shown In Fig. 1-9. 
It should be pointed out that the main chamber Ignition limit data 
defined during rig testing Is a true chamber limit since It was 
obtained by varying the chamber conditions until a light was 
achieved with a continuously torching igniter. The engine tank 
head data defines a conservative chamber limit, however, since 
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it was obtained by simultaneous ignition of the chamber and 
igniter. The chamber ignition envelope is better than that 
indicated by the line of Pig. 1-9 at low mixture ratios. 
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Appendix II 

Engine Performance Calculations 

An In-depth analysis was accomplished for the Derivative II 
and Category IV engines to define specific impulse characteristics. 
JANNAF methodology was used to define these characteristics at 
both design and off-deslgn operating conditions. In this appendix, 
the JANNAP methodology Is discussed and the results of the design 
point JANNAP specific Impulse calculations are presented. 

1. JANNAP Methodology 

The JANNAP methodology used was similar to that specified In 
Addendum No. 1 to CPIA Publication No. I 78 and Amendment No. 1 
thereto. These documents outline a procedure that permits per- 
formance to be determined without use of either the JANNAP 
Distributed Energy Release (DER) program or the real gas JANNAF 
Two-Dimensional Kinetics (TDK) program. The DER program was not 
available during the contract period and the real gas TDK program 
Is difficult to run and requires a large amount of computer time. 
Although this procedure was specifically written for the Space 
Shuttle Main Engine (SSME), It was sufficiently general so that 
application to the RLIO Derivative engines was possible. 

A flow diagram of the JANNAP methodology used to calculate 
performance Is shown in figure II-l. The first step in generating 
overall engine performance was to define a control volume about 
the engine system and establish energy and flowrate balances. 
Figure II-2 shows schematically the control volume and the flow- 
rate and energy changes to the system that were considered. 
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Flowrates and energy levels were obtained from engine cycle 
balance and heat transfer calculations. The regenerative nozzle 
heat was assumed to come from the boundary layer and was added 
to the mainstream propellant enthalpy levels. The base enthalpy 
levels used for the mainstream propellants were the ones specified 
In the referenced procedures. These propellant base enthalpy 
levels were adjusted for the net change In energy determined by 
the energy balance for the control volume. 

JANNAF methodology defines energy release efficiency (’JER) 
as a function of both mixing efficiency (’^mlx) and vaporization 
efficiency (’^vap). For these calculations It was assumed that 
the mixing efficiency Is 100 ^. Therefore, the combustion process 
Is vaporization limited and, as such, energy release efficiency 
Is the same as vaporization efficiency. For such cases the pro- 
cedure specifies that oxidizer droplet characteristics be established 
using In-house methods and that the energy release efficiency be 
determined as a function of combustion chamber length and oxidizer 
droplet size. A complex analysis of Injection, vaporization, 
and mixing characteristics Is required to establish the oxidizer 
droplet size characteristics and the combustion system mass and 
mixture ratio strlatlon characteristics. The Injection and com- 
bustion process was analyzed using P&WA In-house Injector and 
combustion system characterization programs. The analysis was 
conducted for the blll-of -material RLlOA-3-3 Injector since It 
Is essentially the same as the Injectors for the RLIO Derivative 
engines. The RLlOA-3-3 Injector was divided Into five annular 
geometric zones. The mean mixture ratios and oxidizer vaporization 
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characteristics for each zone were determined from an analysis 
of the characteristics of the flow emerging from the Individual 
elements. A summary of the zonal characteristics Is presented 
In Table II-l. It shows that the overall vaporization efficiency 
(and therefore energy release efficiency) for the RLlOA- 3-3 In- 
jector Is 99.4^ at an overall mixture ratio of 5.0. Using the 
mixture ratio distribution shown It was determined that the mix- 
ture ratio strlatlon loss was only 0,1 seconds. For the derivative 
engines It was assumed that comparable energy release efficiencies 
could be obtained at a mixture ratio of 6,0 by Injector reoptimiza- 
tion and that strlatlon losses could be reduced to less than 0,1 
seconds . 

The JANNAP One-Dlmenslonal Kinetics (ODK) program was used 
to determine the nozzle kinetic losses for the specific nozzle 
contours of each of the three derivative engines. Nozzle diver- 
gence losses were obtained by running the Two-Dimensional Kinetics 
(TDK) program In an Ideal gas mode. 

The JANNAP Turbulent Boundary Layer (TBL) program was used 
to determine the boundary layer thrust loss, ^F^ii. Wall temp- 
erature profiles used In the calculations were obtained from heat 
transfer analyses of the thrust chamber. Mainstream edge con- 
ditions for the boundary layer calculations were obtained using 
a P&WA Two-Dimensional Bell Nozzle Performance program run In 
an equilibrium mode. 

Specific impulse of the hydrogen used for dump cooling was 
estimated from one-dimensional values of specific Impulse for 
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heated hydrogen (~1800°R) expanded through the small nozzles 
(<~3.5) at the end of each of the coolant passages. A specific 
Impulse efficiency of 0.92 was assumed for the expansion process. 
As shown In figure II-l, these values were mass weighted with 
the specific Impulse values for the main thrust chamber to 
arrive at overall engine delivered specific Impulse. 

The JANNAP One-Dlmenslonal Equilibrium (ODE) program was 
used to establish the effect of regenerative cooling enthalpy. 
This program was run using both engine Inlet enthalpies and the 
adjusted enthalpy levels described previously to determine the 
net effect of the enthalpy gain on performance. 

2. Selection of Nozzle Contours 

In order to determine specific Impulse values using the 
JANNAP methodology, the engine configuration had to first be 
defined. The nozzle contours were defined using a P&WA In- 
house Bell Nozzle Design computer program. This program uses 
a two-dimensional method-of-characterlstlcs analysis to define 
the nozzle characteristics. The nozzles were truncated to a 
minimum length contour In order to obtain the highest Impulse 
possible for a specified engine length. 

The nozzle optimization considered the effects of chamber 
mixture ratio and nozzle kinetic losses on the design point 
characteristics. The optimization was accomplished by first 
using assumed values of chamber pressure and mixture ratio. 

After the nozzle had been defined using these values, the 
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design point cycle program was used to predict the cycle operating 
characteristics. If they did not match the assumed chamber pres- 
sure and mixture ratio characteristics, an Iteration was performed 
to find the final optimum configuration. 

3. Results of JANNAP Calculations 

Using the JANNAP methodology described above delivered specific 
Impulse values were predicted for the RLIO Derivative engines. The 
results of the various intermediate JANNAP calculations for the 
design point calculations for the baseline Derivative IIA and IIB 
and the Category IV engines are presented In Table II-2. 
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Table II - 1 

Striatlon and Vaporization Efficiency Summary 
RLlOA- 3-3 Engine 
15000 lb Thrust, 5.0 O/P 


Annulus Number 1 

Area, in^ 11.4 

Outer Diameter, in 3.92 

Mixture Ratio 5.0 

Plow Rate, Ibm/sec 5.1 

Plow per Unit Area, 
Ibm/sec/ln"^ .447 

Vaporization 

Efficiency, % 100 . 




2 

3 

4 

5 

TOTAL 

17.8 

26.0 

7.9 

19.25 

82.35 

6.175 

8.435 

9.02 

10.28 


4.98 

4.95 

5.45 

4.76 

5.06 

7.66 

10.98 

7.39 

2.52 

33.65 

.431 

.423 

.935 

.131 


100 . 

100 . 

98.0 

98.0 

99.41 
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Derivative IIA and IIB Category IV 


Nozzle Area Ratio 

263 

401 

Chamber Pressure, psia 

400 

915 

Engine Overall Mixture Ratio 

6.0 

6.0 

Chamber Mixture Ratio 

6.4 

6.4 

Chamber Total Propellant Flow, Ib/sec 

32.44 

31.53 

Ivac' (Inlet Conditions) at chamber 0/F(0DE),sec 

479.3 

484.9 

A h Regen, BTU/lb H2 

1562 

1920 

Ivac' (with Ah) at chamber 0/F(0DE), sec 

487.3 

494.8 

Ivac' (with Kinetic loss) (ODK) , sec 

479.5 

490.3 

Divergence Efficiency (TDK),% 

98.63 

98.96 

Boundary Layer Thrust Loss (TBL), AFbl, lbs 

289 

385 

Energy Release Efficiency, % 

99.41 

99.41 

Striation Loss, sec 

<0.1 

<0.1 

Overboard Leakage Loss, sec 

<0.1 

<0.1 

Ivac' (Dump Nozzle), sec 

475.0 

475.0 

Impulse Efficiency of Dump Nozzle, % 

92. 

92. 

Ivac Delivered (JANNAF), sec 

461.0 

470.0 
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JANNAF PERFORMANCE METHODOLOGY FLOW CHART 



Figure II-l 
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CONTROL VOLUME SCHEMATIC • ENERGY AND FLOW BALANCE 



With No Tank Pres- 
surization Flow Bled 
From The Engine. 


Figure II-2 
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Definition of Engine Transient Characteristics 

Two transient computer simulation programs were used to 
define the transient characteristics and control system require- 
ments for the Derivative IIA and IIB and Category IV engines. 

One of these program was used to simulate turbopump cooldown 
for all of ■ the engines (THI transients) and the acceleration 
and deceleration transients for the Derivative IIA and IIB 
engines. The other program was used to simulate the accelera- 
tion and deceleration transients for the Category IV engine. 

Options are available In the programs to select the engine 
configuration, the Inlet conditions, the mode of operation and 
the type of transient to be run. In addition, the programs 
have the capability of operating In a steady state mode and 
generating the valve areas required for any desired thrust and 
mixture ratio level. 

To reduce computer costs, options were Incorporated In the 
programs to allow each of the different kinds of transients to 
be run Independently of each other or In series with another 
transient, l.e. a THI transient and a THI to maneuvering thrust 
transient can be but they do not have to be completed before a 
maneuvering thrust to full thrust transient can be simulated. 

When they are run Independently, the transients are started from 
a steady state mode and It Is assumed that the engine has stabilized 
at that particular thrust and mixture ratio prior to the tran- 
sient being Initiated. The programs ■'also have a restart capability 
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which allows a transient or THI run to be stopped and restarted 
at any time during the transient without losing the effects of 
the transient dynamics. 

Tank Head Idle simulations can be made for any of the 
engine configurations with different propellant conditions (gas, 
liquid or two-phase), different initial ambient temperatures 
and different initial suction line temperatures. Vehlcle/englne 
interactions can be included for both the THI cooldown and the 
engine transients by mating vehicle inlet line and propellant 
tank simulations with the engine simulations. 

The methods used to simulate the components in the transient 
simulations are similar to those used in the steady state cycle 
program discussed in Appendix IV. The major differences in the 
programs are the dynamics included in the transient programs and 
additional routines required for THI cooldown. 

1, Acceleration and Deceleration Transient Simulations 

Figure III-l is a simplified flow schematic that shows the 
more important calculations and convergence loops used to simu- 
late a Derivative IIA engine during acceleration or deceleration 
transients. Except for the oxidizer low speed inducer portion of 
the simulation, this flow schematic is also representative of the 
simulation for the Derivative IIB engine. The Category IV engine 
slh.ulatlon is also similar; however, is has a fuel low speed 
inducer simulation located upstream of the fuel pump and the 
single turbine simulation is replaced with simulations for the 
two turbines in series. Dynamics are one of the main considerations. 
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in this program and a brief discussion of the dynamics used is 
included later In this Appendix. 

2. Tank Head Idle Cooldown Simulations 

Figure II-2 Is a flow schematic which shows how the Deri- 
vative IIA engine is simulated during a tank head Idle cooldown 
transient. The Derivative IIA and Category IV engine simulations 
are similar except for the low speed Inducer and turbine routines. 
Since the effects of fluid dynamics on these transients are In- 
significant compared to the effects of the thermal dynamics, 
steady state flow is assumed to exist at each time Increment 
during the THI transients and a Newton-Raphson rapid convergence 
technique Is used to balance the simulation at each Increment. 

The Independent variables used to balance the programs are fuel 
flow, pressure at the inlet of the primary nozzle heat exchanger 
and chamber pressure, and the dependent variables are fuel flow, 
primary nozzle heat exchanger exit pressure and combustion chamber 
Inlet and outlet flows. Fuel flow. Inlet pressure to the heat 
exchanger and chamber pressure are varied at each time Increment 
until the assumed fuel flow at the heat exchanger inlet equals 
the flow calculated through the second stage of the fuel pump, 
the pressure calculated at the exit of the primary nozzle heat 
exchanger equals the pressure calculated at the inlet of the 
turbine bypass valve, and the total flowrate entering the com- 
bustion chamber equals the flowrate calculated at the throat 
of the chamber. 
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3, Method for Simulating Engine Dynamics 

Dynamic performance characteristics are determined by 
numerically Integrating time varying differential equations. 
This is accomplished by calculating the differentials from 
known variables such as pressures, flows, speeds, etc, multi- 
plying the differentials by the time Increment (DT) selected 
for the program, and adding the result to the last calculated 
value of the parameter being Integrated. The technique of 
numerical integration Is shown by the following example where 
flow rates through a known control volume are integrated to 
obtain the pressure within the volume. 

The integral equation Is defined by 
P = Wdt 


where P Is pressure 

and is summation of flow rates crossing volume boundaries 
Expressing the equation In finite difference form 


Pn = Pn-i + AP 

where Pn is pressure at time “ n 
and Pn-i is pressure at time * n-1 
Using numerical integration 
AP = ^W«DT 

where DT = integration time Increment 
This method of numerical integration is used to define the 
dynamic behavior of the engines. The dynamic elements of 
the engines that have been simulated Include: 


III-4 



FR-6011 
Volume II 
Appendix III 


1. Acceleration of oxidizer and fuel turbopumps 

2. Thermal dynamics of all turbopumps (cooldown) 

3. Thermal dynamics of the inlet propellant feed 
lines (cooldown) 

4. Thermal dynamics of the primary nozzle heat exchanger 
and the Gox heat exchanger 

5. Fluid dynamics of the heat exchanger and main 
chamber 

The integration time Increment (DT) Is an input variable. 

The DT value normally used provides a compromise between simula- 
tion accuracy and tne amount of computer time required to run 
the simulation. The DT varies depending upon the operating mode 
of the simulation. 

A simulation of tank head idle requires much more computer 
time than a simulation of a turbopump acceleration to full thrust 
During a cooldown, fluid dynamics are of secondary Importance 
compared to cooldown thermal dynamics. This permits large time 
increments (l.O second) to be used for THI to minimize computer 
time. To accomodate the large DT and prevent "mathematical 
instabilities" steady state flow is assumed during the cooldown. 
Dynamic heat transfer equations are used to simulate the com- 
ponent cooldowns, and flowrates and pressure are calculated as 
a function of the exit temperatures, pressures, and densities. 

At the conclusion of cooldown when the turbopumps are started 
the DT is reduced to 0.01 seconds to permit the turbopump acceler 
ation dynamics to be considered. At the end of pumped idle 
(maneuvering thrust) the DT is reduced further to 0.001 seconds. 
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During the acceleration to full thrust and the deceleration to 
pumped Idle the turbopump and fluid dynamics become very sig- 
nificant , 

4. Method for Simulating Engine Cooldown 

Special calculations are required to simulate the transient 
thermal conditioning of the Inlet lines and engines. These 
routines were developed for the RLIO engine and they were checked 
out using RLIO test data generated under simulated space con- 
ditions at the NASA Plumbrook facility. 

For this simulation a quasi-steady state solution of the 
conventional lumped mode thermal energy transfer and storage 
equations Is made. Conduction, heat storage, phase change, 
free and forced convection capability, plus radiation boundary 
conditions are all considered. Temperature variable solid and 
fluid properties are used. 

The engine lines, housings, valves, etc. are transformed 
Into equivalent rods and cylinders. The thermal model then 
performs a one-dimensional, quasi-steady state heat transfer 
analysis of the engine system. Each component of the engine 
may be subdivided Into several such rod and cylinder combin- 
ations and they may be linked together In different flow and 
conduction path patterns. A simulation of a typical engine 
fuel pump Is shown In Figure III-3. 

A typical engine cooldown calculation Is shown In the 
following example. In this case, the engine system Is made 
up of components (rods and cylinders) at some Initial temp- 
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erature and it is subjected to known external heat loads and 
fluid inlet conditions. The system is evaluated over a small 
time Increment and an energy balance is made for the first rod/ 
cylinder combination. The change in energy stored in the 
cylinder is determined by calculating the heat removed from 
the cylinder by the convective cooldown process of the coolant 
flow and subtracting the heat added to the system from external 
heat load sources. The energy change of the rod is also deter- 
mined by defining tne heat removed by the convection process of 
the coolant. The energy increase of the coolant then becomes 
the sum of the heat energies removed from both the rod and cylinder 
surfaces. This energy is added to the fluid in the form of 
enthalpy and velocity increases which are determined by con- 
tinuity and energy conservation equations. The properties of 
the coolant leaving the first component become the inlet con- 
ditions for the next component and these calculations are re- 
peated for each component in the system. The basic equations 
used to calculate the thermal characteristics of the components 
during THI are : 

1. Q1 = hi Ai (T^i - T) dt 

2. Q2 - hg Ag (Tw 2 “ T) dt 

3. Qtotal = Q1 + Q2 

4. H2 = Hi + QtotAL /^l^ _ 

Wdt \ 2 

5. ^1 Vi = $2 V2 

where Q = heat transferred, BTU 

A = area, ft^ 


v22^ 


X 47205 
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h = heat transfer coefficient, BTU/sec - ft^ _ Or 
T = Temperature (Average), °R 
dt = delta time increment, sec 
H = fluid enthalpy, BTU/lbm 
V = fluid velocity, ft/sec 
^ = fluid density, lb/ft3 
and subscripts 

1 = upstream condition or outer component (cylinder) 

2 = downstream condition or Inner component (rod) 
w = wall condition 

The energy removed from each component has now created a system 
unbalance In the form of a temperature gradient between each rod 
and cylinder and their adjacent components. This unbalance 
initiates a conduction process which alters the distribution of 
the remaining energy In the system and reduces the temperature 
gradient between the various components. This transfer of con- 
duction energy Is determined by solving the second law of thermo- 
dynamics. The solution obtained at the end of one time Increment 
provides the starting conditions for the next time increment and 
the analysis Is continued until the temperatures of critical com- 
ponents (pump housings and Impellers) reach desired levels. 

5. Baseline Engine Transient Characteristics 

Transient characteristics obtained for each of the baseline 
engines are Included In this appendix. Numerous engine para- 
meters were determined from the simulations of these transients. 
The parameters that best defined engine operating characteristics 
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were plotted and they are Included in Figures III-4 through 
III-14, The transients included are as follows: 

a. Tank Head Idle Transients 

(1) Derivative IIA, Figure III-4 

(2) Derivative IIB, Figure III-5 

(3) Category IV, Figure III-6 

b. Derivative IIA & IIB Start and Deceleration Transients 

(1) Start Transients 

(a) THI to maneuvering thrust. Figure III-7 

(b) Maneuvering thrust to full thrust. Figure III-8 

(2) Deceleration Transients 

(a) Full thrust to maneuvering thrust. Figure III-9 

(b) Maneuvering thrust to THI, Figure III-IO 

c. Category IV Start and Deceleration Transients 

(1) Start Transients 

(a) THI to maneuvering thrust. Figure III- 11 

(b) Maneuvering thrust to full thrust. Figure III-12 

(2) Deceleration Transients 

(a) Pull thrust to maneuvering thrust. Figure III-13 

(b) Maneuvering thrust to THI, Figure III-14 
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Nomenclature for Figures III-l and III-2 : 

A Area, Inches^ 

AS Surface Area, Inches^ 

C Capacitance 

Cp Specific Heat Capacity, BTU/lb(n “ 

Cs Nozzle Boundary Layer Loss and Divergence Loss 

DKE Nozzle Kinetic Loss 

dt Time Increment, seconds 

EPF Efficiency Terms Cs, DKE, nc* 

FSV Thrust, Ibf 

H Enthalpy, BTU/lbjn 

flYD Hydraulic Diameter, Inches 

h Heat Transfer Coefficient, BTU/hr - ft^ - 

Ivac ' Ideal Vacuum Specific Impulse, sec. 

J Turbopump Polar Moment of Inertia, ft-lb-sec^ 

N Turbopump Speed, RPM 

P Pressure, psla 

Pamb Ambient Pressure, psla 

Pc Combustion chamber pressure, psla 

Q Heat transferred, BTU 

R Density, lbm/ft3 

Rc Gas Constant, f t- lbs/°R- Ibm 

r Mixture ratio 

S Entropy, BTU/lbjj,-°R 

T Temperature, °R 

TQ Torque, ft-lbs 
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TW Wall temperature, °R 

t time, seconds 

TAU Transient response time constant, sec 

V Velocity, ft/sec 

VR Turbine Velocity Ratio 

W Flowrate, Ib.m/sec 

' Fuel flowrate calculated at second stage discharge, Ibm/sec 

Wq ' Oxidizer flowrate calculated through oxidizer injector, 

Ibm/sec 

WD Dump coolant flowrate, Ibm/sec 

WPTP Fuel tank pressurization flowrate, Ibm/sec 

WLTP Oxidizer tank pressurization flowrate, Ibm/sec 
X Propellant Quality 

Z Component (Impeller, pump housing, etc.) mass, Ibm 

Efficiency (pump or turbine) 

^Ivac Vacuum Impulse efficiency 

7 Specific heat ratio 

AP Pressure loss, psld 

AT Temperature rise, °R 

Subscript Description 
l,2,,..l6 Station locations 
BP boost pump 

C Combustion chamber 

D Discharge 

f Fuel propellant 

FP]^ Fuel pump, 1st stage 
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Fuel pump, 2nd stage 

Oxidizer propellant 

previous value 

Turbine 

Upstream 

Average 
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16 PSIA SATURATED VAPOR AT INLETS DURING START 
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Appendix IV 

Engine Steady State Cycle Calculations 

There were four computer programs used during this study 
to generate steady state engine cycle characteristics. Off- 
deslgn programs were generated and used for each of the three 
baseline engines to define off-deslgn operating characteristics. 
In addition, an expander cycle design point program was used for 
the Category IV engine to define the optimum design point cycle 
characteristics. The programs are briefly described below. 

1, Off -Design Programs 

The three off -design computer cycle programs have similar 
logic and they all use similar calculation techniques. All of 
the programs can be balanced In the same three manners. They 
can be balanced (l) to a particular vacuum thrust and Inlet mix- 
ture ratio, (2) to a particular oxidizer flow control valve 
effective area and turbine bypass effective area, and (3) to 
a particular chamber pressure and oxidizer flow control valve 
effective area. The first option Is used to define character- 
istics for a particular operating thrust level and mixture ratio. 
It provides control valve areas to use In running the other op- 
tions. The second option Is used to establish the operating 
characteristics of the engines when running with fixed control 
areas. Since the engines operate In maneuvering thrust (pumped 
Idle) with fixed control areas, this option Is normally used to 
determine the effects of Inlet pressure variations and/or changes 
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in tank pressurization flow rates in that operating mode. 

The third option is used to simulate engine operation at 
full thrust where chamber pressure is held constant by the 
thrust control. This option is normally used to evaluate 
the effects of changing inlet conditions and other variables 
on engine operation while operating at full thrust, 

A schematic of the Derivative IIB engine off-design cycle 
program is shown in Figure IV-1. It is typical of all of the 
programs and shows the general operation of the off -design 
programs . 

The pump operating characteristics are simulated in the 
programs using head coefficient-flow coefficient and efficiency- 
flow coefficient relationships. The Derivative IIA and IIB 
characteristics were derived from RL10 pump test data and the 
Category IV characteristics were obtained from high pressure 
engine pump test data. The characteristics used In these pro- 
grams for the main pumps are shown in Figures IV-2 through 
IV- 13. 

Turbine efficiency characteristics are used in the simulation 
as a function of Isentroplc velocity ratio. The off-design 
turbine characteristics used for all of the engines were obtained 
from RLIO turbine rig test data. The characteristics for the 
Derivative II and Category IV engines are shown in Figure IV-14, 

Main chamber and primary nozzle off -design coolant pressure 
loss and temperature rise characteristics are simulated in the 
programs using regression equations that calculate AP and AT 
characteristics as functions of fuel flow, chamber pressure. 
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characteristic velocity efficiency. Jacket Inlet pressure, 
chamber mixture ratio and chamber combustion temperature. 

The equations are shown In Table IV-1. They were generated 
by fitting test data and analytical predictions of chamber- 
nozzle heat transfer characteristics. Thrust chamber and 
nozzle performance Is calculated In the cycle programs by 
applying performance loss characteristics obtained from various 
JANNAP performance programs to JANNAP ODE Ideal performance 
predictions . 

Off-deslgn heat transfer characteristics for the gox 
heat exchanger are simulated In the programs using correla- 
tions established for similar heat exchanger configurations. 
These correlations are for the compact configuration base- 
lined for the engines and they were obtained from work published 
by W, Kays and A. L, London. The equations used are shown 
In Table IV-2. 

2. Design Point Program 

The Category IV design point computer program optimizes 
all of the components In the engine for a given set of Input 
design conditions. With a given fuel pump speed the program 
can balance to either a particular fuel pump discharge pressure 
or a particular chamber pressure level. When It Is desired to 
maximize chamber pressure such as was done for the Category IV 
engine, the program Is run balancing to a particular fuel pump 
discharge pressure. Different pump discharge pressures are run 
to determine the maximum obtainable chamber pressure level. 
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The program was initially set up to optimize the engine 
design using pump characteristics predicted from Worthington 
performance predictions and turbine characteristics predicted 
using the Bal^e method. However, as mechanical designs were 
made of various components the design point performance levels 
were adjusted to reflect predictions made for the actual com- 
ponents . 

3. Baseline Engine Cycle Sheets 

Cycle sheets summarizing the values for significant para- 
meters in the engine cycles were generated for each of the 
baseline engines using the off-design computer programs. Cycle 
sheets were generated at full thrust for mixture ratios of 5.5^ 
6.0 and 6.5 and at the design points for maneuvering thrust 
(pumped idle) and tank head idle. These cycle characteristics 
are for the baseline engines operating with nominal inlet con- 
ditions and no tank pressurization flows. As shown in the 
Interface Control Document (Volume III of this report) the 
effects of tank pressurization flows on the engines operating 
characteristics are small. The baseline engine cycle sheets 
are shown in Figures IV-15 through IV-29. 

In addition to the above, cycle sheets are included in this 
Appendix for the Category I engine. These cycle sheets are for 
full thrust operation at mixture ratios of 5.5^ 6.0 and 6.5 with 
no tank pressurization flow. They are shown in Figures IV-30 
through IV- 32. 
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Table IV- 1 

Main Chamber and Primary Nozzle 
Heat Transfer Predictions 
Derivative II and Category IV Engines 

The following equations are used to predict the off -design 

main chamber and primary nozzle coolant temperature rise and 

pressure loss characteristics; 


s Ki X rpcQ»^^^ X rpinQ»QQ^ X RECS^*951 X rtc^»^^7 

r / _ 

AP= 


JPIP-/JPIP2- /WPC \2 X 

/TAVG W 

1 IWPCD/ 

VTAVGD/ 


X 1.73 


where : ^T 

Kl 

RPC 

RPIN 

RECS 

RTC 

RRM 

RWP 

JPIP 

WPCD 

TAVGD 

PAVGD 

APD 

WPC 

TAVG 


coolant temperature rise at off-deslgn point 
coolant pressure loss at off -design point 

constant to set design point level 

Chamber pressure 
19. 

Inlet Pressure Of Coolant 
70. 

Vc* 

o7W^ 

Combustion Temperature 

7TW. 

Chamber Mixture Ratio 
5.0 

Coolant Plow Rate 

0.298 

Coolant Inlet Pressure 

Coolant Plow Rate At Engine Design Point 

Average Temperature Of Coolant In Jacket At 
Engine Design Point 

Average Pressure of Coolant In Jacket At Engine 
Design Point 

Coolant Pressure Loss At Engine Design Point 

Coolant Flow Rate At Off -Design Point 

Average Temperature Of Coolant In Jacket At Off- 
Design Point 
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Table IV-2 

Oxygen Heat Exchanger 
Heat Transfer Predictions 
Derivative II and Category IV Engines 

The following equations are used to predict off-deslgn gox 
heat exchanger heat transfer characteristics in the off-design 
cycle programs: 

^mln = Lowest of Cpq X Wo or Cpp X Wp 
Cmax " Highest of Cp^ X Wq or Cpp X Wp 

UA = Overall Heat Transfer Coefficient Times Surface Area 

XNTU = UA 
Cmln 

Effectiveness = f XNTU) from curve 

Cmax 

Heat Flux - Effectiveness X (TFIN-TOIN) X Cmin 

Reference: Kays, W. and London, A, L. , Compact Heat Exchangers , 

McGraw-Hill, New York, 1964. 
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DERIVATIVE IIB CYCLE SCHEMATIC NOMENCLATURE 
Puel Pump Inlet Pressure 

Puel Pump Inlet Net Positive Suction Pressure 
Oxidizer Pump Inlet Pressure 

Oxidizer Pump Inlet Net Positive Suction Pressure 

Puel Injector Area 

Oxidizer Injector Area 

Nozzle Area Ratio 

Oxidizer Tank Pressurization Plow 

Puel Tank Pressurization Plow 

Puel Pump Speed 

Chamber Propellant Plow 

Input Thrust 

Inlet Mixture Ratio 

Input Turbine Bypass Valve Area 

Input Oxidizer Control Valve Area 

Input Chamber Pressure 

Coolant Plow to Gearbox and Dump Nozzle 

Oxidizer Flowrate 

Inlet Puel Plowrate 

Puel Pump Discharge Pressure 

Puel Pump Discharge Temperature 

Puel Pump Horsepower 

Puel Pump Efficiency 

Puel Pump Inlet Temperature 

Chamber Puel Plow 

Main Heat Exchanger Temperature Rise 
Main Heat Exchanger Pressure Loss 

Figure IV- 1 
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PTIP 

PTIT 

JPIP 

JPTIT 

PC 

V c* 

RMC 

VR 

ETAT 

P/P 

AT 

WT 

ABYP 

^bypass 

PPIJ 

PTIJ 

APIJ 

PHIJ 

APLOIJ 

OPDH 

AOIJ 

HPO 

OPDP 

OPDT 

EPPOP 

OPIT 

ACDOCV 

OPIJ 


Puel Turbine Inlet Pressure 
Fuel Turbine Inlet Temperature 
Jacket Inlet Pressure 
Jacket Inlet Temperature 
Chamber Pressure 

Characteristic Velocity Efficiency 

Chamber Mixture Ratio 

Isentropic Velocity Ratio 

Turbine Efficiency 

Pressure Ratio 

Turbine Area 

Turbine Flowrate 

Bypass Valve Area 

Bypass Flowrate 

Puel Injector Inlet Pressure 

Puel Injector Inlet Temperature 

Puel Injector Effective Area 

Puel Injector Inlet Enthalpy 

Oxidizer Injector Pressure Loss 

Oxidizer Pump Discharge Enthalpy 

Oxidizer Injector Effective Area 

Oxidizer Pump Horsepower 

Oxidizer Pump Discharge Pressure 

Oxidizer Pump Dis<Sharge Temperature 

Oxidizer Pump Efficiency 

Oxidizer Pump Inlet Temperature 

Oxidizer Control Valve Effective Area 

Oxidizer Injector Inlet Pressure 
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IVAC 

Ideal Impulse 


CSTAR* 

Ideal Characteristic Velocity 

CPVAC » 

Ideal Thrust Coefficient 


A KE 

Nozzle Kinetic Loss 


CS 

Nozzle Boundary Layer Loss 

and Divergence Loss 

IVAC 

Vacuum Specific Impulse at 

RMC 

n 10 

Impulse Efficiency 


CFO 

Thrust Coefficient Efficiency 

PVAC4 

Pseudo Thrust 


PVAC 

Thrust 


DNIMP 

Dump Nozzle Impulse 


PVACDEL 

Delivered Vacuum Thrust 


IVACDEL 

Delivered Vacuum Impulse 
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MODIFIED RLiC CFI^-DESIGN DECK 
DERIVATIVE II A BASE CASE RM=6.C e-?l-73 
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NPSP 

0.0 

FLOW 
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FLOW 

28.03 


LOX L 

SI 

FUEL 

PUMP 

LDX 

PUMP 
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FLOW 

3.956 

DISCH T 

44.673 

INLET 
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POWER 
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POWER 
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DISCH P 

821.36 



TDIS MIX 

451.07 

DISCH T 

55 .7 



HP TRANS 

81.2 

RHC OUT 

4.145 



P/P 

1.341 






FUEL 

INJ 

ECTOR 

LOX 

INJECTOR 

aftcafteaft::aftcaSc aftc aftc aftc aftc aftc aftc aftc aftc a>Jt agt aftt aftc aftc aftc aftc aftc aft: aft( aft: a{r aQc aftc aftc aftc :ftc aftr aftc 


3$c aftt a^ aftt aQr aftr a^ aft^aftc aft: 3^ aftr aft: 3^ 3(: 

❖ 





DELTA 

P 

68.72 

DELTA 

P 

46.71 


MIXTURE 

RATIO 

6.0CC 

* 

INLET 

P 

460.64 

INLET 

P 

^^6.62 


THRUST 


14998. 

3ft 

INLET 

T 

451.1 

INLET 

T 

167.2 


IMPULSE 


456.65 

3ft 

ACD 


i.98 2 

ACD 


C. 73 C 


CHAMBER 

PRESSURE 

399.91 

2ft 

MV 


51.249 

RHO 


70.719 





3ft 




MV 


15.225 

aft: aft? aft: ajcajc aft: aft: aft: aft: a^ aft: aft: aft? aft: aftc aft: aft: aftcaftc aftr aft aft aft: aftraftcaftraftf a^ aft: a^ aftt a^afttaftf 
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JACKET 

FLOW A. 41 

INLET P 814.46 
INLET T 66.7 

DELTA PJ 164.382 
DELTA TJ 41&.538 

PFP 468.637 

TFP 461. C67 


LEAKAGE E ELEED 


WLEAK C.266 

WT/P-FUEL C.C 

WT/P-LOX 0.0 

TQXP C.C 

PCXP 0.0 


RM CONTROL VLV 

♦ j}t ;(t :{( :jc 5^ « ♦ 

DELTA P 84.17 
ACD 0.5428 

K factor 7.6961 


THRUST CONTROL 

:{t 5{c # * :(c « :)t 

ACD 0.1063 

WTBY/WF 9.185 
WTBY 0.4C6 

P/P 1.393 


SYSTEM PRESSURE 

LOSSES 


CHAMBER 



3^ 3^ 3{r ^ ^ ^ ^ 3^ :(c 3^ ^ 

OB/P DIS LINE 

0.0 

PC (INJ 

FACE ) 

399.915 

FB/P DIS LINE 

C.C 

IMPULSE 

(CHAMBER) 

458.883 

PUMP INTR STG 

C.C 

IMPULSE 

(DELIVERED) 

458.649 

PUMP DIS LINE 

2.342 

MIXTURE 

RATIC( INLET) 

6.00C 

GOX HEAT EXR 0 

.600 

MIXTURE 

RATIO (CHAMBER ) 

6.361 

JAC IN LINE 

4.568 

CS 


C.967 

JAC DIS LINE 

0.0 

ETA C* 


0.994 

FUEL TURB IN 

6.6C1 

AREA RATIC 

262.800 

INJ IN LINE 

13.998 
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MODI H ft RLic OFF-DESIGK DECK 
DERIVATIVE II A LASE CaSF RM=5.b 6-21-73 


INLET CCNDIIIONS 


:{f 3jf :$c 3^^ ;Jc j$c 3^' >{? 3 *; 

FUEL 

:{? :^:3}r 3#::^ 3*t3{t 

LGX 

PRESSURE 

16,0 

PRESSURE 

16, n 

TEMP 

36.9 

TEMP 

ifc3.e 

NPSP 

0-0 

NPSP 

0.0 

FLOW 

A. 93 

FLOW 

27.13 


LCX L 

V T 

FUEL 

PUMP 

LCX 

; PUMP 



♦ #: * ♦ ♦ ♦ * # * 3{r ♦ 


SPEED 

3061 . 

SPEED 

28937. 

SPEED 

11575. 

FLOW 

27. 13A 

FLOW 

4.953 

FLOW 

27.134 

POWER 

2.9 3 

INLET GPM 486.6 

POWER 

81.85 

EFF 

ta/ .637 



EFF 

0.6265 

DISCH P 

34. 7 C 



INLET 

P 34. 7C 

DISCH T 

163. 9 

1ST 

STAGE * 

INLET 

T 163.9 

RHO IN 

7C .693 

POWER 

216.69 

DISCH 

P 546.45 



EFF 

0.5270 

DISCH 

T 167.1 

FUEL TU 

RBINE 

INLET P 

16.0C 

RHO IN 

70.892 

aQc ;^ sCc 

DISCH P 

^11. 68 

RHO CUT 70.8<='2 

FLOW 

‘r . 23 3 

DISCH T 

44.767 

INLET 

GPM 171.8 

POWER 

566 .66 

RHC IN 

4.398 



EFF 

C.7212 

RHQ CUT 

4.324 



INLET P 

666.89 





INLET T 

439.5 

* 2ND S 

TAGE * 



DIS P(S) 

490. 3 C 

POWER 

265.92 



DELP ACT 

94. 7 

EFF 

C.50 17 



M. VEL R 

C .41 1 

INLET P 

411.68 



ACD 

1.070 

DISCH P 

839.62 



TDIS MIX 

416.97 

DISCH T 

55.5 



HP TRANS 

61.9 

RHO OUT 

4.165 



P/P 

1.26C 






FUEL 

INJECTOR 

LOX 

INJECTOR 

5$sjJc34<:$c:#c:jt3}c30f3jc3^j^:XF^ * jJrjJr 3{c 3^: jjt 3{c3}t 3}c 


❖af: af< 




* 

DELTA 

P 7 1 . C 6 

DELTA 

P 43. 8 C 


MIXTURE RATIO 

5.5CC * 

INLET 

P 471.21 

inlet 

P 443.95 


THRUST 

14623. ♦ 

inlft 

T 417. C 

INLET 

1 167.5 


IMPULSE 

462.25 * 

ACD 

1.986 

ACD 

0.733 


chamber pressure 

400.15 * 

MV 

52.634 

RHC 

MV 

7C.676 

14.278 
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JACKET 

LEAKAGE L BLEED 

PM CCNTR 

OL VLV 

THRUST 

CONTROL 





FLLW 


H.tl 

WLEAK L.26B 

DELTA P 

102 .99 

ACD 

C.C995 

INL&T 

P 

£32.11 

WT/P-FUEL C.O 

ACD 

C .9 762 

WT5Y/WF 

£.321 

INLET 

T 

55>. 5 

WT/P-LOX G.C 

K FAC TCP 

9 .£692 

WTBY 

C.3£f 

DELTA 

PJ 

l£8.4feC 

TDXP G.C 



P/P 

1 .919 

DELTA 

TJ 

36 3.9^^5 

PCXi^ C.O 








PFP 471.2C9 

TFP 916.969 






SYSTEM PkESSUR 

E LOSSES 


CHAMBER 


3^ sje 


>!> 5): If: ♦ ♦ 


CB/P DIS LINE 

C . C 

PC (INJ 

FACE ) 

900.199 

FB/P DIG LINE 

0 . Q 

IMPULSE- 

(CHAMBER ) 

962. 62C 

PUMP INTk STG 

G.C 

IMPULSE 

(DELIVERED) 

962.251 

PUMP DIS line 

2.6 17 

MIXTUF.F 

RATIO( INLET) 

5.50C 

GOX HEAT lXR 

C.6CC 

MIXTURE 

RATIU( CHAMBER 

) 5.812 

JAG IN LINE 

5 . C 92 

cs 


0.967 

JAC DIS LINE 

C.O 

FTA C* 


C.999 

FUEL TURE IN 

b. 736 

AREA RATIO 

262. 8CC 

INJ IN LINE 

19.^35 
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MODIFIED RLiD CFF-DlSIGN DECK 
DERIVATIVE II A BADE CARE RM=6.E 8-21-73 


IMLFT CONDITIONS 

3}c3jr^ 5}! ♦ afr; 9^r;^c 34^9^ >}c 3{c>St 5{? 


FUEL LCX 


PRESSURE 

16.0 

PRESSURt 

16.0 

TEMP 

36.9 

TEMP 

163.8 

NPSP 

0.0 

NPSP 

0.0 

FLOW 

A.A6 

FLOW 

29. C2 


LOX 

LSI 

FUEL 

PUMP 

LCX 

PUMP 

3{f3tC3it3jK 

3^3^3jc:^c:^i5pc:C< :^c 3jt 



SPEED 

2991 . 

SPEED 

28284. 

SPEED 

11314. 

FLOW 

29.01 6 

FLOW 

4.464 

FLOW 

29.016 

POWER 

2.6 6 

INLET GPM 4-^0. 7 

POWER 

81.12 

EFF 

V * 69o E 



EFF 

C.6417 

DISCH P 

31.91 



INLET 

P 31.91 

DISCH T 

163.9 

* 1ST 

STAGE ♦ 

INLET 

T 163.9 

RHD IN 

70.693 

PCWER 

199. B1 

DISCH 

P 517.66 



EFF 

0.5C76 

DISCH 

T 166.8 

FUEL TURBINE 

INLET P 

16. 00 

RHO IN 

70 .893 


DISCH P 

399.83 

RHO OUT 7C.893 

FLOW 

3 . 76 1 

DISCH T 

45 .0 0 6 

INLET 

GPM 183.7 

POWER 

622. 2C 

RHO IN 

4.398 



EFF 

0.7099 

RHC CUT 

4.3C7 



INLET P 

693.40 





INLET T 

603.4 

* 2ND £ 

TAGE * 



DIS P(S) 

4 64 .62 

POWER 

241.28 



DELH ACT 

98.2 

EFF 

0.48 09 



M. VEL R 

C.39 1 

INLET P 

299. B3 



ACD 

1.076 

DISCH P 

806.67 



TDIS MIX 

479.69 

DISCH T 

65.9 



HP TRANS 

61. 1 

RHO CUT 

4.127 



P/P 

1.328 






FUEL 

INJECTOR 

LOX 

INJECTOR 

a^aeC3^3{c>}C3$c:^3^3^3$C3QC3^3^3^:^3^30(3(c94c 3ftc 3^ 3^ 3^C 3$c: 3^ 3$L ;i^ 3$: 3^ 3(c 


7^ :<c 3jc 30c ajc 3jc ajt Jjc: 35 c 





3flr 

DELTA 

P 

66.53 

DELTA 

P 

5C.C4 


MIXTURE 

RATIO 

6.500 


INLET 

P 

466.43 

INLET 

P 

449.93 


THRUST 


15128. 

♦ 

INLET 

T 

479.6 

INLET 

T 

167. G 


IMPULSE 


451.85 

♦ 

ACD 


1.97 9 

ACD 


0.730 


CHAMBER 

PRESSURE 

399.90 

♦ 

MV 


49.766 

RHC 


7C.755 

♦ 




* 


MV 16*309 ^^♦♦♦♦❖♦♦5(‘<c!fr**:5S=***3ic5!tJ(c!5t*){c*3{c3(c**:{c30c**#:jc 
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JACK 

ET 

LEAKAGE L BLEED 

RM CONTROL VLV 

THRUST 

CONTROL 



’C' ^ :(c Iti 4c ^ 3(1 3^ # ^ >1^ 

5f5 ^ 3jc :jc 3^ Xjt :^£ * 3}C 3}C 

FLOW 


A.2C 

WLEAK C.265 

DELTA P 67.73 

ACD 

0.1C87 

INLET 

P 

800.3 8 

WT/P-FUEL C.C 

ACD 0.0265 

WTEY/WF 

9.443 

INLET 

T 

c t: u 

WT/P-LOX C.C 

K FACTOR 5.7026 

WTP Y 

C.397 

DELTA 

PJ 

150.48 1 

Toxp w.: 


P/P 

1.378 

DELTA 

TJ 

447 . 43 9 

PDXP C.C 







PFP ^66,^21 

TFP 479.568 





SYSTEM PRESSURE 

LOSSES 


CHAMBER 


30c3jt56J*5(r«3$c3^:^ 3^:*: ^3{r 

3}c3Sc3<c5{c5{t* )«C5$c3{t:^3{c5}c3{ta^a>:3*r 

J(C3(3J)I3(:*3> 

OB/P DTS LINE 

o.c 

PC (INJ 

FACE ) 

39<’^.6 98 

FB/P DIS LINE 

C . w 

IMPULSE 

(CHAMBER) 

452. C27 

PUMP INTR STG 

0.0 

IMPULSE 

(DELIVERED) 

A51.B53 

PUMP DIS LINE 

2.136 

MIXTURE 

RATIO( INLET) 

6.5CC 

GOX HEAT tXR 0 

.600 

MIXTURE 

RATIO(CHAMBER) 

6.910 

JAC IN LINE 

4.157 

cs 


C.966 

JAC DIS LINE 

C.C 

ETA C« 


0.991 

FUEL TURB IN 

6.499 

AREA RATIO 

262.8CC 

INJ IN LINE 

13.590 
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Mnninro RLir r FF-fif sign nrcK 

DG PI VAT TVS IT A PUMP FT ILLF 8-21-73 


INLFT rONOITIONS 


FUEL LUX 


FPtSSUP.E 

16.0 

PRESSURE 

16,0 

TFMP 

36,9 

T1 MP 

163.S 

NP5P 

0.0 

NPSP 

0,0 

FLOW 

1 .22 

FLOW 

7.35 


LfX LSI 

FUEL 

PUMP 

LOX 

PUMP 

♦ ♦ ❖ sjc ♦ ♦ Sfr si' * * Sr 5r Jft 5>- 5r 


5{t 3jc 5}f '4c 35f 

SPEED 

1A35. 

SPEFO 

13564. 

SPEED 

5425 . 

FLOW 

7.347 

FLOW 

1.224 

FLOW 

7.347 

power 

0.39 

INLFT GPM 118.9 

POWER 

7.47 

EFF 

0 . 4 £; E i 



EFF 

0.4037 

DISCH P 

23.21 



INLFT P 

22.21 

DTSCH T 

163.9 

>5^ 1 ST 

STAGE * 

INLEI T 

163.E- 

RHO IN 

70.893 

POWER 

20.96 

DTSCH P 

133.1 1 



EFF 

0.3172 

DISCH T 

165 .2 

FUEL TUR 

['.INF 

INLFT P 

1 6 .00 

RHD IN 

70.888 

4: 5jc 3jr 3}C 5jt 3}C 5}r. :{< 3!r 5}t ^ 

DISCH P 

109,18 

PHO OUT 

70.771 

FLOW 

0.707 

DISCH T 

40.47? 

INLFT G 

P M 46.5 

POWE F 

53.47 

9 HD IN 

4.398 



EFF 

0.5651 

RHO tiUT 




INLFT P 

1‘^?.46 





INLFT T 

621.8 

2ND 

STAGE * 



DIS P(S) 

130. CO 

pnwFP 

25.04 



DELH ACT 

53 .5 

EFF 

0.25-00 



M. VFL P 

0 . 2 2 7 

INLET P 

109.18 



ACD 

7.137 

DISCH P 

205.01 



TDIS MIX 

612.36 

LISCH T 

44,9 



HP TRANS 

7.5 

RHC) CUT 

4. 172 




P/F 1.173 


FUEL IMJFCTCR LOX INJFCTCf' =>:#«♦#♦* 


ajc 3*1 3{t J}t :{; 5ic aji 5^ Sjc 5j: 

35t 5jt 5*c 5{^ 5}t ^ :9k ♦ ?{c 5}C 3js, 




# 

DELTA 

P 

22.46 

DELTA 

P 

3.21 


Ml XT UR F 

RATIO 

6. COO * 

INLET 

P 

] 2 4 . 2 

INLFI 

P 

105.54 

>}r 

THRUST 


3750. * 

INLFT 

T 

E l 2 .3 

INLFT 

T 

1 i 5 . 3 


IMPULSE 


6-7.80 * 

ACD 


2.009 

ACD 


0 . 730 


CHAMPTR 

PRESSURE 

10 2.34 ». 

MV 


16.253 

R Hf) 


70.771 

t5k 



* 




MV 


1.045 

:Cs 3$c:{c5f: 39r:*C3^3{t.5}t:il 3*ra9:^3*r3*C3^39i jjc ?9< 3{< 5^ Tjt 3*c jji ^{r ife 5^ 
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JACK FT 

♦ « « J(c ♦ « ♦ * 

FLOW 1.12 

INLFT P ;n^.T7 
INLtl T 44.9 

DtLTA PJ fO.‘-7C 
DFLTA TJ 576.001 


LTAKAGE t FLFFO 

:5k Jji * A 4 # 4 5r Sti * # 


WLtAK 0.1 OF 

WT/P-FUEL 0.0 

WT/P-LOX 0.0 

TC>XP ().(, 

PGXP 0.0 


RM CONTROL VLV THRUST CONTROL 

444 4444444444444 

DELTA P 27.56 ACD 0.6169 

ACU 0.24F9 WTBY/WF 36.66a 

K FACTCP 36.1394 WTPY 0.40« 

P/P l.?U3 


PFP 124. 022 

TFP 6 12. 2 6 2 


SYSTEM 


LOSSES 


CHAMBER 


4444444 

sj: S{t 3^ 

44444444 

3jc:5caj( >Jc3$r3fC3il3^TjC 

OE/P DT 

s in-F 

0.9 

PC (INJ 

FACF) 

102.336 

FF’/P D1 

S LIMF 

0 . 0 

IMPULSE 

(CHAMBER) 

43fc.n3 

PUMP IN 

TP ETC 

0.0 

IMPULSE 

(DELIVERED) 

437.504 

PUMP DI 

S LINE 

0.149 

MIXTURE 

RATICU INLET) 

6.000 

GOX HE A 

I EXP 0 

,000 

MI XTLfP e 

RATIO! CHAMBER ) 

6. 578 

JAC TN 

L^MF 

0.291 

cs 


0.957 

JAC CIS 

LINF 

C.O 

ETA C* 


C .994 

FUEL 7U 

PL IN 

1.540 

AREA RATIO 

262.800 

TNJ Tf4 

LINE 

4 . 6 
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\ 


PRATT & WHITNEY AIRCRAFT 
Florida Research and Development Center 


Derivative IIA Engine 


TANK HEAD IDLE 
INLET CONDITIONS 

Fuel Oxidizer 


Pressure = 16.0 psla 
Temperature =36,9 °R 
Saturated Liquid 


Pressure = I6.0 psia 
Temperature = I63.8 ®R 
Saturated Liquid 


Fuel Side 


Oxidizer Side 


Flow = .08lb/sec 


Plow = o«32 Ib/sec 


Jacket Inlet Temperature = 
Jacket Inlet Pressure = 
Jacket Discharge Temperature 
Jacket Discharge Pressure = 
Injector Inlet Temperature = 
Injector Inlet Pressure = 
Dump Nozzle Coolant Flow ■ 


36.8 *R Main Pump Discharge Temperature = 163. 8 ®r 

15.9 PSIA Main Pump Discharge Pressure = 15.9PSIA 

582. ®R Injector Inlet Temperature = 385* ®R 

10.3 PSIA Injector Inlet Pressure = 1A.5 PsiA 

426. ®R Injector Pressure Loss = 9*3 

6.8 PSIA 

0.006 lb/sec 


Chamber Pressure = 5.2 psia 
•Thrust = 157. LB- 

Mixture Ratio = 4.0 

Impulse = 387* sec 

Chamber Mixture Ratio = U*3 


* i 
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MODIFIED RLIO OFF-DESIGN DECK 


DERIVATIVE IIB 0/F=6.0 8-21-73 


INLET CONDITIONS 


FUEL 


LOX 


PRESSURE 

16.143 


PRESSURE 

19.71 


TEMP 

36.5 


TEMP 

163.8 


NPSP 

.143 


NPSP 

3.71 


FLOW 

4.67 


FLOW 

28.03 


FUEL TURBINE 


FUEL PUMP (MAIN) 

LOX PUMP 

(MAIN) 

* 4e 4c 4c 4 e 4( 4c 4^ 4: itc * 4: * * 4^ 


4c 4c 4c 4c 4c44c 4c 4c 4c 4c 4c 4c 4c 4c 4c 

4c4c4c4c4c4c4c*4c4c4c4c4c4c4c4c 

FLOW 

3.948 


SPEED 

27852. 

SPEED 

11141. 

POWER 

529.61 




FLOW 

28.028 

EFF 

0.7105 


FLOW 

4.671 

POWER 

76.62 

INLET P 

651.25 


INLET GPM 461.9 

EFF 

0.6375 

INLET T 

473.7 




INLET P 

19.71 

DIS P(S) 

487.13 




INLET T 

163.8 

OELH ACT 

94.9 


♦ 1ST 

STAGE ♦ 

DISCH P 

487.98 

M. VEL R 

0.392 


POWER 

217.03 

DISCH T 

166.6 

ACD 

1.076 


EFF 

0.5209 

RHO IN 

70.893 

TDIS MIX 

451.02 


INLET P 

16. U3 

RHO OUT 

70.893 

HP TRANS 

76.6 


DTSCH P 

425.15 

INLET GPM 

177.5 

P/P 

1.337 


DISCH T 

45.214 






RHO IN 

4.398 






RHO OUT 

4.314 






♦ 2ND 

STAGE ♦ 






POWER 

235.97 






EFF 

0.4949 






INLET P 

425.15 






DISCH P 

819.27 






DISCH T 

55.4 






RHO OUT 

4.156 




FUEL INJECTOR 


LOX INJECTOR 




4c4c4c4c4c4c 4c4c4c 4c «4c 4c 4c4c 


♦ 




♦ 

DELTA 

P 

68.61 

DELTA 

P 

46.66 


MIXTURE 

RATIO 

6.000 


INLET 

P 

468.70 

INLET 

P 

446.75 

♦ 

THRUST 


14997. 

♦ 

INLET 

T 

451.0 

INLET 

T 

166.8 


IMPULSE 


458.65 

♦ 

ACD 


1.982 

ACD 


0.730 

♦ 

CHAMBER 

PRESSURE 

400.09 

♦ 

MV 


51.241 

RHO 


70 .795 

♦ 




♦ 




MV 


15.208 
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JACKET 

LEAKAGE 

C BLEED 

RM CONTROL VLV 

THRUST 

CONTROL 

» 4c 4^ 4^ 4c 4= 4c 4^ << :0i 

# 4c 4c 4 4t 4c4c 4 4c 4c4c 4c 4 4c 4r 4c 

4444444444444444 


FLOW 


4.41 

WLEAK 

0.265 

DELTA P 

41.24 

ACD 

0.1083 

INLET 

P 

812.39 

WT/P-FUEL 0.0 

ACD 

0.7755 

WTBY/WF 

9.401 

INLET 

T 

55.4 

WT/P-LOX 

0.0 

K FACTOR 

3.7217 

WTBY 

0.414 

DELTA 

PJ 

154.557 

TOXP 

0.0 



P/P 

1.388 

DELTA 

TJ 

418.333 

POXP 

0.0 








PFP 

468.699 








TFP 

451.019 






SYSTEM PRESSURE 

LOSSES 

CHAMBER 


lO: # 4: ate 3|c 3^:|c 9(c itcfc # i»r 4c # 

4444444444444444444444444444 

OB/P DIS LINE 

0.0 

PC (INJ FACE) 

400.088 

FB/P DIS LINE 

0.0 

IMPULSE (CHAMBER) 

458.883 

PUMP INTR STG 

0.0 

IMPULSE (DELIVERED) 

458.649 

PUMP DIS LINE 

2.336 

MIXTURE RATIO( INLET) 

6.000 

GOX HEAT EXR 0 

.0 

MIXTURE RATIO(CHAMBER) 

6.361 

JAC IN LINE 

4.545 

CS 

0.967 

JAC DIS LINE 

0.0 

ETA C4 

0.994 

FUEL TURB IN 

6.578 

AREA RATIO 

262. POO 

INJ IN LINE 

13.995 
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MODIFIED RLIO OFF-DESIGN DECK 


DERIVATIVE IIB D/F=5.5 8-21-73 


INLET CONDITIONS 


FUEL LOX 


PRESSURE 

I6.i;3 

PRESSURE 

19,71 

TEMP 

36.9 

TEMP 

163.8 

NPSP 

.h3 

NPSP 

3.71 

FLOW 

4.93 

FLOW 

27.13 


FUEL TURBINE 

FUEL PUMP (MAIN) 

LOX PUMP 

(MAIN) 

4c 4 e 4t 4i 4 # 4i 4 4c 4t 4 e 4 ^ 4c 

4c 4 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4> 4c 


FLOW 

4.218 

SPEED 

28155. 

SPEED 

11262. 

POWER 

553.71 



FLOW 

27.132 

EFF 

0.7172 

FLOW 

4.933 

POWER 

76.88 

INLET P 

663.97 

INLET GPM 488.6 

EFF 

0.6305 

INLET T 

438.7 



INLET P 

19.71 

OTS P<S) 

489.99 



INLET T 

163.8 

DELH ACT 

92.8 

* 1ST 

STAGE ♦ 

DISCH P 

499.81 

M. VEL R 

0.403 

POWER 

229.34 

DISCH T 

166.8 

ACD 

1.073 

EFF 

0.5299 

RHO IN 

70.893 

TDIS MIX 

416.64 

INLET P 

16.1|3 

RHO OUT 

70.893 

HP TRANS 

76.9 

DISCH P 

432.65 

INLET GPM 

171.8 

P/P 

1.355 

OISCH T 

45.138 





RHO TN 

4.398 





RHO OUT 

4.322 





♦ 2ND 

STAGE 4 





POWER 

247.50 





EFF 

0.5071 





INLET P 

432.65 





DTSCH P 

837.00 





DISCH T 

55.2 





RHO OUT 

4.180 




FUEL 

INJECTOR 

LOX 

INJECTOR 

4444444444444444444444444444444444 

iK 

4e 3|i: # i|t4t i|c 4c 4r 4(i|t 4; 4t 

♦ 




♦ 

DELTA 

P 

70.99 

DELTA 

P 

43.74 

♦ 

MIXTURE 

RATIO 

5.500 

♦ 

INLET 

P 

471.12 

INLET 

P 

443.88 

♦ 

THRUST 


14821. 

♦ 

INLET 

T 

416.6 

INLET 

T 

167.0 


IMPULSE 


462.24 

♦ 

ACD 


1.986 

ACD 


0.730 

♦ 

CHAMBER 

PRESSURE 

400.13 

♦ 

MV 


52.800 

RHO 


70.761 

♦ 




♦ 
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JACKET 

LEAKAGE t 

BLEED 

RM CONTROL VLV 

THRUST 

CONTROL 

39t 4c 4^ 4c9tn|c3^ :fe# 4r 4ca|c 4e 90c 

90c90c90r44t4c«4c44t44c44t44c 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

4( 4c 4c « ♦ 4c ♦ # 4c 4c 4c 4c ♦ 

FLOW 


4.67 

WLEAK 

0.265 

DELTA P 

55.94 

ACD 

0.0986 

INLET 

P 

829.33 

WT/P-FUEL 

0.0 

ACD 

0.6446 

WTBY/WF 

8.635 

INLET 

T 

55.2 

WT/P-LOX 

0.0 

K FACTOR 

5.3871 

WTBY 

0.403 

DELTA 

PJ 

158.646 

TOXP 

0.0 



P/P 

1.408 

DELTA 

TJ 

383.511 

POXP 

0.0 








PFP 

471 .121 








TFP 

416.642 







SYSTEM PRESSURE LOSSES CHAMBER 


OP/P DIS LINE 

0.0 

PC (INJ FACE) 

400.133 

FE/P DIS LINF 

0.0 

IMPULSE (CHAMBER) 

462.506 

PUMP TNTR STG 

0.0 

IMPULSE (DELIVERED) 

462.237 

PUMP DIS LINE 

2.607 

MIXTURE RATIO( INLET) 

5.500 

GOX HEAT FXR 

0.0 

MIXTURE RATIO(CHAMBER) 

5.812 

JAC IN LINE 

5.072 

CS 

0.967 

JAC DIS LINE 

0.0 

ETA C* 

0.994 

FUEL TURB IN 

6.707 

AREA RATIO 

262.800 

INJ IN LINF; 

14.424 
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MODIFIED RLIO OFF-DESIGN DECK 
DERIVATIVE IIB 0/F=6.5 8-21-73 


INLET CONDITIONS 

4c 4c 4:4:41 444c4444c44i44c4444c)^ 


FUEL LOX 


PRESSURE 

16.U3 

PRESSURE 

19.71 

TEMP 

36.9 

TEMP 

163.8 

NPSP 

•h3 

NPSP 

3.71 

FLOW 

4.46 

FLOW 

29.02 


FUEL TURBINE 

FUEL PUMP (MAIN) 

LOX PUMP 

(MAIN) 

4444444444444444 

4444444444444444 


FLOW 

3.750 

SPEED 

27600. 

SPEED 

11040. 

POWER 

511.25 



FLOW 

29.017 

EFF 

0.7048 

FLOW 

4.464 

POWER 

76.76 

INLET P 

641.24 

INLET GPM 440.7 

EFF 

0.6441 

INLET T 

503.2 



INLET P 

19.71 

DIS P(S) 

484.48 



INLET T 

163.8 

DELH ACT 

96.4 

4 1ST 

STAGE 4 

DISCH P 

477.45 

M. VEL R 

0.384 

POWER 

207.97 

DISCH T 

166.5 

ACD 

1.079 

EFF 

0.5117 

RHO IN 

70.893 

TDIS MIX 

479.92 

INLET P 

16 . 143 

RHO OUT 

70.893 

HP TRANS 

76.8 

DISCH P 

418.64 

INLET GPM 

183.7 

P/P 

1.324 

DISCH T 

45.321 





«?H0 IN 

4.398 





RHO OUT 

4.305 





♦ 2ND 

STAGE 4 





POWER 

226.51 





EFF 

0.4853 





INLET P 

418.64 





DISCH P 

804.75 





DISCH T 

55.6 





RHO OUT 

4.139 




FUEL INJECTOR 


LOX INJECTOR 


4:444444 4434444 4444c444c444444c4c4c44c4c4«4c 


4444444444444444 4444444444444444 


DELTA P 66.34 DELTA P 49.94 
INLET P 466.48 INLET P 450.09 
INLET T 479.9 INLET T 166.6 
ACD 1.979 ACD 0.730 
MV 49.805 RHO 70.893 

MV 16.278 


♦ 

MIXTURE 

RATIO 

6.500 

♦ 

* 

♦ 

THRUST 


15129. 

♦ 

♦ 

IMPULSE 


451.86 

♦ 

3|r 

CHAMBER 

PRESSURE 

400.14 

♦ 


4 4 

iMc444444444444444 44444444444444444 
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JACKET 

LEAKAGE C 

BLEED 

RM CONTROL VLV 

THRUST 

CONTROL 

# * 4c 4c ♦ ^ 4c ♦ ^ 4: 4c * 

9^ 3^ ^ ]pc 1|( 

« 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 


FLOW 


4,20 

WLEAK 

0.265 

DELTA P 

27.36 

ACD 

0.1122 

INLET 

P 

798.47 

WT/P-FUEL 

0.0 

ACD 

0.9857 

WTBY/WF 

9.693 

INLET 

T 

55,6 

WT/P-LOX 

0.0 

K FACTOR 

2.3037 

WTBY 

0.407 

DELTA 

PJ 

150,757 

TOXP 

0.0 



P/P 

1.373 

DELTA 

TJ 

447. 606 

POXP 

0.0 






PFP 466.403 

TFP 479.917 


SYSTEM PRESSURE 

LOSSES 

CHAMBER 


4c«4c4c4c4c4c4cc»c4cY4c4c4cc^4c4c4c4c4;4c4c4c4c 

4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c4t4c4c4c4c#4c4c4c]^4c4c4c 

OB/P DTS LINE 

0.0 

PC (INJ FACE) 

400.145 

FB/P DIS LINE 

0.0 

IMPULSE (CHAMBER) 

452.037 

PUMP INTR STG 

0.0 

IMPULSE (DELIVERED) 

451.862 

PUMP DIS LINE 

2.130 

MIXTURE RATIO( INLET) 

6.500 

GOX HEAT EXR 0 

.0 

MIXTURE RATIO(CHAMBER) 

6.910 

JAC IN LINE 

4.145 

CS 

0.966 

JAC DIS LINE 

0.0 

ETA C* 

0.991 

FUEL TURE IN 

6.477 

AREA RATIO 

262.800 

INJ IN LINE 

13.598 
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MODIFIED RLIC OFF-DESIGN DECK 


DERIVATIVE IIB PUMPED IDLE 8-21-73 


INLET CONDITIONS 



FUEL 




LOX 



PRESSURE 

16.0 


PRESSURE 

16,0 


TEMP 

36.9 


TEMP 


163.8 


NPSP 

0.0 


NPSP 


0.0 


FLOW 

1.22 


FLOW 


7.35 


FUEL TURBINE 


FUEL PUMP (MAIN) 


LOX PUMP (MAIN) 

:|c « « « 4c 4c « « « :4e 3(1 


4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 


44c4c44c4c 4c4c4c44c4c4c4c4c4c 

FLOW 

0 . 70 9 


SPEED 

13361. 


SPEED 

5344. 

POWER 

53.26 







EFF 

0.5612 


FLOW 

i .2 24 


FLOW 

7.347 

INLET P 

152.46 


INLET GPM 118.8 


POWER 

7.23 

INLET T 

621.7 





EFF 

0.4052 

DIS P(S) 

129.94 





INLET P 

16. 0 

DELH ACT 

53. 1 


♦ 1ST 

STAGE * 


INLET T 

163.8 

M. VEL R 

0.223 


POWER 

21.81 


DISCH P 

123.82 

ACD 

1.139 


EFF 

0.3153 


DISCH T 

165. C 

TDIS MIX 

612.21 


INLET P 

16. 0 


RHC IN 

70.893 

HP TRANS 

7.2 


DISCH P 

111.99 


RHO OUT 

70.781 

P/P 

1.173 


DISCH T 

40.501 


INLET GPM 46.5 




RHO IN 

4.405 







RHO OUT 

4.310 







♦ 2ND 

STAGE ♦ 







POWER 

24.24 







EFF 

C.2906 







INLET P 

111.99 







DISCH P 

205. CO 







DISCH T 

44.8 







RHO CUT 

4.178 




FUEL INJECTOR 

LOX INJECTOR 

i(r a^r 3^ ate # 

4c 4c 4c 4c 4c 4c 4c # 4c 4c4c4c4c4c4c 4c 

4c 4c4c 4c 4c 4c 4< 4c 4c 4c 4c 4c 4c 4c 4c 4c 

4c 



4- 

DELTA P 

22.47 

DELTA P 

3.21 

* MIXTURE 

RATIO 


6.CCC * 

INLET P 

124. 8C 

INLET P 

1C5.53 

♦ THRUST 



3750. ♦ 

INLET T 

612. 2 

INLET T 

165.1 

♦ IMPULSE 



437.50 ♦ 

ACD 

2.009 

ACD 

0.730 

♦ CHAMBER 

PRESSURE 

102.32 ♦ 

MV 

16.295 

RHO 

70.781 

4c 



4c 



MV 

1.045 

3^ age aOc^ ^3tc 3(C 3«C 3^ ^ 3tc ^ ^ ateatc 3tc3tc 3tc 30c 3tc ate atcatrate ate ate ate ^ ^ # 
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J ACK IT 


LEAKAGE t PLEED 
^ ^ « 4: « ♦ ♦ « % :0c 


RM CCNTRCL VLV THRUST CONTROL 


FLOW 
INLET P 
INLET T 
DELTA PJ 
DELTA TJ 


1.12 
20^^56 
44 . 8 
5C.557 
576.95f> 


WLEAK 

WT/P-FU 

WT/P-LO 

TOXP 

PDXP 

PFP 

TFP 


w . 1 u 8 
EL C.C 
< O.Q 
0.0 
C.C 

124.79b 

612.215 


DELTA P 18.29 
ACD G.3C55 
K FACTOR 23.9615 


ACD 

WTEY/WF 

WTBY 

P/P 


0.6141 
36.504 
U . 40 6 
1.2C4 


SYSTEM PRESSURE LOSSES CHAMBER 


9^ 1^1013^3^9^ 3 ^ 9^ 9je 1 ^ lO^ ^ ^ * 

iOc99li^;O.9(c;O^iOc;O^ 30(> 30. 1«c30c3(c90(i0r aociot ifiL 10^9^10(3(^*10(10^ 

OB/P 01 S LINE 

O.C 

PC (INJ 

FACE ) 

102.324 

FB/P DIS LINE 

0.0 

IMPULSE 

(CHAMBER) 

438. 1C8 

PUMP INTk STG 

0.0 

IMPULSE 

(DELIVERED) 

437.498 

PUMP DIS LINE 

C.149 

MIXTURE 

RATIG( INLET) 

6.CCO 

GOX HEAT EXR 

C.C 

MIXTURE 

RATIO(CHAMbER) 

6.576 

JAC IN LINE 

0.29C 

CS 


C.957 

JAC DIS LINE 

O.C- 

ETA C* 


0.994 

FUEL TURB IN 

1.54C 

AREA RATIO 

262.800 

INJ IN LINE 

4.554 
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PRATT & WHITNEY AIRCRAFT 
Florida Research and Development Center 
Derivative IIB Engine 


TANK HEAD IDLE 


INLET CONDITIONS 


Fuel 


Oxidizer 


Pressure = l 6.0 psia 
Temperature = 36.9 °R 
Saturated Liquid 



Pressure = l 6,0 psia 
Temperature == I63.8 
Saturated Liquid 


Fuel Side 


Oxidizer Side 


P’low = .08lb/sec 


Flow = 0.32 Ib/sec 


Jacket Inlet Temperature = 
Jacket Inlet Pressure = 
Jacket Discharge Temperature 
Jacket Discharge Pressure = 
Injector Inlet Temperature = 
Injector Inlet Pressure = 
Dump Nozzle Coolant Plow •= 


36.8 *R Main Pump Discharge Temperature 

15.9 PSIA Main Pump Discharge Pressure - 
r= 582. “R Injectoi’ Inlet Temperature = 

10.3 PSIA Injector Inlet Pressure = 

A26. "R Injector Pressure Loss = 

6.8 PSIA 

. 0,006 lb/sec 


= 163.8 
15.9PS 
385. ®R 

14.5 ]' 

9.5 “P. 


Chamber Pressure = 5.2 PSIA 
•Thrust = 157. LB^ 

Mixture Ratio = 4.0 

Impulse = 387. «ec 

Chamber Mixture Ratio = U.3 
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RLIO EXTENSION OFF-DESIGN DECK 
CATEGORY IV BASE CASE DATE 8-21-73 RM=6.0 


INLET CONDITIONS 


FUEL 


LOX 


PRESSURE 

16.0 

PRESSURE 

16.0 

TEMP 

36.9 

TEMP 

163.8 

NPSP 

0.0 

NPSP 

0.0 

FLOW 

A.*>6 

FLOW 

27.37 


FUEL 

LSI 

LOX 

LSI 

FUEL PUMP (MAIN) 

LOX PUMP 

(MAIN) 

3^ 4c « i(c # 4( 


4: 4c 3^ 4c 4c 4c:» 4c 4c 4c 4c 4c 4c 4c 4c 4c 

itciQc #30; 4i3|c Aifc 

SPEED 

30450. 

SPEED 

3002. 

SPEED 

75048. 

SPEED 

38862. 







FLOW 

27.374 

FLOW 

4.56 

FLOW 

27.37 

FLOW 

4.562 

POWER 

184.40 

POWER 

6.0 

POWER 

6.1 

INLET GPM 462.6 

EFF 

0.6938 

EFF 

0.7337 

EFF 

0.6482 

NPSP 

17.57 

INLET P 

54.60 

DISCH P 

32 . 57 

DISCH P 

54.92 



INLET T 

164.0 

RHO IN 

4.405 

RHO IN 

70.893 

♦ 1ST 

STAGE ♦ 

DISCH P 

1321.54 





POWER 

468.73 

DISCH T 

170.7 





EFF 

0.5984 

RHO IN 

70.968 

FUEL TURBINE 

LOX TURBINE 

INLET P 

32.45 

RHO OUT 

70.970 

4i 4< ^ 4e 4c 4t 4c 4t 4c ^ 4c 4c 4t 4 e 

4c « 4t 4c 4c * ♦ 4c 4c * 4c 4< 4c 4c ♦ 4c 

DISCH P 

1047.06 

INLET GPM 

173.1 

FLOW 

4.018 

FLOW 

4.018 

DISCH T 

54.543 

NPSP 

38.46 

POWER 

931.23 

POWER 

218.40 

RHO IN 

4.427 



EFF 

0.6741 

EFF 

0.7400 

RHO OUT 

4.316 



INLET P 

1824.87 

INLET P 

1135.49 





INLET T 

580.4 

INLET T 

537.4 

♦ 2ND 

STAGE ♦ 



OIS P(S) 

1193.31 

DIS P(S) 

1032.32 

POWER 

484.05 



DELH ACT 

163.9 

DELH ACT 

38.4 

EFF 

0.5980 



M. VEL R 

0.463 

M. VEL R 

0.470 

INLET P 

1036.66 



ACD 

0.405 

ACD 

1.020 

DISCH P 

2048.31 



PCT HP 

97.12 

PCT HP 

114.67 

DISCH T 

72.8 



HP TRANS 

21.5 

P/P 

1.100 

RHO OUT 

4.245 



P/P 

1.529 








FUEL 

INJECTOR 

LOX 

INJECTOR 

#4c4c4c««>|c#3|c3|c4r)|i#3tt4cj|c*4c3^4c4c4c4c4c4c4c4M»4c3|c4c4c4c3|c 

If 3|C1^ :|r 4r4c 

If If If # 4c If afif If 4c:f ♦ 

Sf 




♦ 

DELTA 

P 

86.39 

DELTA 

P 

151.34 

♦ 

MIXTURE 

RATIO 

6.000 

af 

INLET 

P 

1001.76 

INLET 

P 

1066.71 

♦ 

THRUST 


15008. 

af 

INLET 

T 

530.4 

INLET 

T 

171.7 

3f 

IMPULSE 


469.93 

af 

ACD 


1.283 

ACD 


0.396 

)f 

CHAMBER 

PRESSURE 

915.37 

af 

MV 


41.603 

RHO 


70.566 

4e 




af 




MV 


26.794 

4c4c4c4c3tci^4c3|c4c4c4c4c4c4c4c4c4c4t4c]|c4c4c4c4c4[4c3*r4r4c4c4c4c4c43 
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JACKET 

4e 4c lOc ^ 4c 

FLOW 4.26 

INLET P 2042.00 
INLET T 72.8 

DELTA PJ 199.294 
DELTA TJ 507.560 


LEAKAGE L BLEED 

WLEAK 0.300 

WT/P-FUEL 0.0 
WT/P-LOX 0.0 
TOXP 0.0 

POXP 3.000 

TFP 530.382 


RM CONTROL VLV 

4< « ♦ ♦ 4c 

DELTA P 254.83 
ACD 0.3045 

K FACTOR 24.1359 


THRUST CONTROL 

* 4c4c 4c4c*4c 4c4>4c 

ACD 0.0230 

WTBY/WF 5.720 
WTBY 0.244 

P/P 1.839 


SYSTEM PRESSURE LOSSES 

4c ^ 4ci|t 4c « 4: ♦ ♦ 4r 4c 4t * * « :|n|r « 4c 4c ♦ 4c 4: « 


OB/P DIS LTNF 
FB/P DIS LINE 
PUMP INTR STG 
PUMP DIS LINE 
JAC IN LINE 
JAC DIS LINE 
FUEL TURB IN 
FUEL TURB DIS 
FUEL INTR LINE 
INJ IN LINE 
OX TURB IN 
OX TURB DIS 
INJ IN LINE 


0.315 

0.124 

10.398 

2.140 

4.164 

0.0 

17.834 

35.269 

22.544 

0.0 

30.558 

0.0 


CHAMBER 

4c4c c^4c4c4c4c4c 4c4c4c 4c4c4c 4c4c 4c 4c4c4c4c4c 4c4c4c4c :^4c 


PC (INJ FACE) 

IMPULSE (CHAMBER) 
IMPULSE (DELIVERED) 
MIXTURE RATIO( INLET) 
MIXTURE RATIO(CHAMBER) 
CS 

ETA C* 

ARFA RATIO 


915.370 

470.313 

469.935 

6.000 

6.422 

0.965 

0.994 

401.000 
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RLIO EXTENSION OFF-DESIGN DECK 
CATEGORY IV BASE CASE DATE 8-21-73 RM=5.5 


INLET CONDITIONS 


FUEL LOX 


PRESSURE 

16.0 

PRESSURE 

l6,o 

TEMP 

36.9 

TEMP 

163.8 

NPSP 

0.0 

NPSP 

0.0 

FLOW 

4.82 

FLOW 

26.51 


FUEL 

LSI 

LOX 

LSI 

FUEL PUMP (MAIN) 

LOX PUMP 

(MAIN) 

:0i 4 3^ 3$: 9^ ^ 9^ :Qc }Qt 

9): :tc 4c « 4 4^ !(t !«c )»: * 

4c 4c 4c 4c 4c 4c4c 4c 4r 4( 34 ♦ Ac 4c 4c 4c 

4c 34 4c 4c 4c 4c 4c 4c # 4c 34 4c4c 4c 4i 4c 

SPEED 

31322. 

SPEED 

3088. 

SPEED 

77196. 

SPEED 

39974. 







FLOW 

26.510 

FLOW 

4.82 

FLOW 

26.51 

FLOW 

4.820 

POWER 

194.24 

POWER 

6.5 

POWER 

6.8 

INLET GPM 488.8 

EFF 

0.6892 

EFF 

0.7316 

EFF 

0.6364 

NPSP 

17.88 

INLET P 

60.18 

DISCH P 

32.91 

DISCH P 

60.48 



INLET T 

164.1 

RHO IN 

4.405 

RHO IN 

70.893 

4c 1ST 

STAGE 4c 

DISCH P 

1427.41 





POWER 

516.47 

DISCH T 

171.4 





EFF 

0.5975 

RHO IN 

70.890 

FUEL TURBINE 

LOX TURBINE 

INLET P 

32.77 

RHO OUT 

70.956 


4c 9^ 4: 4 4c iCr ]|c 4 e 4c 4c 4c 

DISCH P 

1092.62 

INLET GPM 

167.9 

FLOW 

4.395 

FLOW 

4.395 

DISCH T 

55.343 

NPSP 

44.00 

POWER 

1016.29 

POWER 

297.48 

RHO IN 

4.426 



EFF 

0.6788 

EFF 

0.7413 

RHO OUT 

4.312 



INLET P 

1907.03 

INLET P 

1150.69 





INLET T 

538.3 

INLET T 

496.0 

* 2ND 

STAGE ♦ 



DIS P(S) 

1212.32 

DIS P(S) 

1034.53 

POWER 

537.24 



DELH ACT 

163.5 

DELH ACT 

39.8 

EFF 

0.5954 



M. VEL R 

0.478 

M. VEL R 

0.476 

INLET P 

1081 .01 



ACD 

0.405 

ACD 

1.019 

DISCH P 

2134.87 



PCT HP 

95.67 

PCT HP 

123.08 

DISCH T 

74.6 



HP TRANS 

39.4 

P/P 

1.112 

RHO OUT 

4.234 



P/P 

1.573 








FUEL 

INJECTOR 

LOX 

INJECTOR 




a9e lOc 3^ aflc iQc; 

♦ 




♦ 

DELTA 

P 

87.72 

DELTA 

P 

142.34 

♦ 

MIXTURE 

RATIO 

5.500 

♦ 

INLET 

P 

1002.89 

INLET 

P 

1057.50 

♦ 

THRUST 


14794. 


INLET 

T 

467.1 

INLET 

T 

172.8 

* 

IMPULSE 


472.20 


ACD 


1.283 

ACD 


0.396 

♦ 

CHAMBER 

PRESSURE 

915.17 

♦ 

MV 


42.990 

RHO 


70.370 

50E 




♦ 


MV 25.200 
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JACKET 

LEAKAGE L 

BLEED 

RM CONTROL VLV 

THRUST 

CONTROL 

:(t 4t 4i 4c 4c j{i 4c 

:9( :9c :9( 39c :9c 39c 39c 39c :9c 39: 3»c 30c 

4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c # 

4c 4c4t 4c 4< 4< 4> 4c ♦ 4c4c 4c4c 4c 4c 4c 

FLOW 


4.52 

WLEAK 

0.300 

DELTA P 

369.91 

ACD 

0.0108 

INLET 

P 

2127.76 

WT/P-FUEL 

0 .0 

ACD 

0.2448 

WTBY/WF 

2.764 

INLET 

T 

74.6 

WT/P-LOX 

0 .0 

K FACTOR 

37.3479 

WTBY 

0.125 

DELTA 

PJ 

201.666 

TDXP 

0.0 



P/P 

1.921 

DELTA 

TJ 

463.708 

POXP 

3.000 








TFP 

487.135 






SYSTtM PRESSURE LOSSES 

3^ ^ ♦ 30^ * 3^ 30^ 3^ 39c aCE sQc :0c 


OB/P DIS LINE 
FB/P DIS LINE 
PUMP INTR SIG 
PUMP DIS LINE 
JAC IN LINE 
JAC DIS LINE 
FULL TURB IN 
FUEL TURB DIS 
FUEL INTR LINE 
TNJ TN LINE 
OX TURB IN 
OX TURB DIS 
INJ IN LINE 


0.296 

0.138 

11.614 

2.413 

4.695 

0.0 

19,066 

37.026 

24.601 

0.0 

31.645 

0.0 


CHAMBER 


PC (INJ FACE) 

IMPULSE (CHAMBER) 
IMPULSE (DELIVERED) 
MIXTURE RATIO (INLET) 
MIXTURE RATIO(CHAMBER) 
CS 


915.170 

472.605 

472.197 

5.500 

5.865 

0.965 


ETA C* 0.994 

AREA RATIO 401.000 
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RLIO EXTENSION OFF-DESIGN DECK 


CATEGORY IV BASE CASE DATE 8-21-73 RM=8.5 


INLET CONDITIONS 


FUEL LOX 


PRESSURE 

16.0 

PRESSURE 

16,0 

TEMP 

36.9 

TEMP 

163.8 

NPSP 

0.0 

NPSP 

0.0 

FLOW 

4.37 

FLOW 

28.38 


FUEL 

LSI 

LOX 

LSI 

FUEL PUMP (MAIN) 

LOX PUMP 

(MAIN) 

4c4c4»|( 3|t 


4c 4c 4 4c 4c 4 4c 4 4c 4c 4 4c 4c 4c 4c 4 

3ftC 4C3|C 4t ♦♦♦♦♦♦ 

SPEED 

29B61. 

SPEED 

2946. 

SPEED 

73644. 

SPEED 

38135. 







FLOW 

28.378 

FLOW 

4.37 

FLOW 

28.38 

FLOW 

4.366 

POWER 

180.29 

POWER 

5.8 

POWER 

5.6 

INLET GPM 442.7 

EFF 

0.6921 

EFF 

0.7283 

EFF 

0,6430 

NPSP 

17.48 

INLET P 

50»18 

DISCH P 

32 ,48 

DISCH P 

50.52 



INLET T 

164.0 

RHO IN 

4.405 

RHO IN 

70.893 

♦ 1ST 

STAGE ♦ 

DISCH P 

1240.66 





POWER 

436.47 

DISCH T 

170.3 





EFF 

0.5974 

RHO IN 

70.892 

FUEL TURBINE 

LOX TURBINE 

INLET P 

32.36 

RHO OUT 

70.959 

:ti « :|c 4c 4t ift 4i 4c 4 ^ 4: 4s ♦ 4c 

4c 4c 4c 4c 4c 4 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 

DISCH P 

1017.65 

INLET GPM 

179.7 

FLOW 

3.785 

FLOW 

3.785 

DISCH T 

54.116 

NPSP 

34.05 

POWER 

871.70 

POWER 

206.72 

RHO IN 

4.426 



EFF 

0.6706 

EFF 

0,7348 

RHO OUT 

4,315 



INLET P 

1774.57 

INLET P 

1128.64 





INLET T 

609,1 

INLET T 

566.1 

♦ 2ND 

STAGE * 



DIS P(S) 

1184.18 

DIS P(S) 

1029.25 

POWER 

451.14 



DELH ACT 

162.9 

DELH ACT 

36.6 

EFF 

0.5971 



M. VEL R 

0.455 

M. VEL R 

0,459 

INLET P 

1008.13 



ACD 

0.405 

ACD 

1 .025 

DISCH P 

1991.74 



PCT HP 

97.57 

PCT HP 

111.20 

DISCH T 

71.9 



HP TRANS 

15.9 

P/P 

1.096 

RHO OUT 

4.244 



P/P 

1.499 








FUEL 

INJECTOR 

LOX 

INJECTOR 

4c3tc:4c4c4t*«:|c4c*4(4c4[4[4t)(i4c4t3|c*4c4c4ci|c4c4c4c4c4c4c4c4c4c4c 

aftc aftt iftciftt 3ftnftc :ftE :ftc aftL 3ftc 3ft: % 3fti 4( 3ftc 

:ft Jftc ]ftl Sftcftc 3ft( Sftc 3ftc 4( 3ftc 3ftc 3pc 3ftl % 3ftc 





♦ 

DELTA 

P 

84.77 

DELTA 

P 

162.34 


MIXTURE 

RATIO 

6.500 

♦ 

INLET 

P 

999.34 

INLET 

P 

1076.92 

♦ 

THRUST 


15186. 

* 

INLET 

T 

559.6 

INLET 

T 

170.9 

♦ 

IMPULSE 


463.78 

♦ 

ACD 


1.282 

ACD 


0.396 

♦ 

CHAMBER 

PRESSURE 

914.57 


MV 


40.009 

RHO 


70.699 

♦ 




♦ 




MV 


28.743 
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JACKET 

LEAKAGE £ 

BLEED 

RM CONTROL VLV 

THRUST 

CONTROL 


« 4r 4: 4c « ^ * 3ic ](c « 4c 4c 

4c 4c 4 4c 4 4 4: 3(c 4c 4c 4c 4c 4c 4c 

3|C30C9^ :9c He 9^:^: 

FLOW 


4,07 

WLEAK 

0.300 

DELTA P 

163.75 

ACD 

0,0279 

INLET 

P 

1986.00 

WT/P-FUEL 

0.0 

ACD 

0,3939 

WTBY/WF 

6.904 

INLET 

T 

71 .9 

WT/P-LOX 

0.0 

K FACTOR 

14.4283 

WTBY 

0.281 

DELTA 

PJ 

194. 4?1 

TOXP 

0.0 



P/P 

1.793 

DELTA 

TJ 

537.154 

POXP 

3.000 








TFP 

559.625 






SYSTEM PRESSURE 

LOSSES 


CHAMBER 


4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 

HeHt Hralc 

OB/P DIS LINE 

0.339 

PC (INJ 

FACE) 

914.575 

FB/P DIS LINE 

0.113 

IMPULSE 

(CHAMBER) 

464.088 

PUMP INTR STG 

9.524 

IMPULSE 

(DELIVERED) 

463.775 

PUMP DIS LINE 

1 .947 

MIXTURE 

RATIO( INLET) 

6,500 

JAC IN LINE 

3.790 

MIXTURE 

RATIO( CHAMBER) 

6.980 

JAC DIS LINE 

0.0 

CS 


0.964 

FUEL TURB IN 

17.008 

ETA C4= 


0.969 

FUEL TURB DIS 

34.361 

AREA RATIO 

401.000 

FUEL INTR LINE 

21.183 




INJ IN LINE 

0.0 




OX TURB IN 

29,913 




OX TURB DIS 

0.0 





INJ IN LINE 
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^:L1C tXTtlvj;.irT4 U^-F-CF^1C^? L:f:CK 


CATtCCRY IV RUMRtL IDtr 


Tf LET LONDITIur^S 

Sic ^ 3^: ^ ^ 9^ 3Qi 3}( ^ ^ 


RUE L 


LOX 


PEEEJd RE 

16.0 

PPESSUFE 

16.0 

TE HP 

' <- . ‘ 

TlP.P 

163.E 

KPSP 

0.0 

fvPFP 

0.0 

FLOW 

l.i;0 

FLf’W 

T.I*? 


FUEL 

LSI 

L[>; 

LSI 

FUEL PUMP 

CMAIN) 

LCX PUMP CHAIN) 


V ❖ 3{< Sjr 4 Sff sjr 

?;« 3ijc 3^;:(o;^ 3}c 4^4^ 4 ❖ 4r>Jt 4 ^ 4 ^ 

:^s(i:sic:^s^'s(i 4ts(;:8s«ts( s^s^sfr^iigc 

SPEED 


12988. 

SPEFD 

1 2 E C . 

SPEF D 

32009 . 

SPEED 

16575. 

FLOW 


I .E ‘0 

FLOW 

7.19 

FLOW 

1.199 

F LOW 

7.191 

POWER 


0 . 6 

P0WL9 

0.8 

INLET C FM 

121. 8 

Ht WEK 

11 .h5 

EFF 


0.9 598 

FFF 

0.9720 

NPSP- 

5. '9 0 

FFF 

f 990 

DISCH 

P 

2 0 .8 9 

r*iscH p 

26.89 



INLET 

P 76.87 

RHO TN 


9.^05 

RHO n; 

TO • h 

’P 1ST stage * 

INLET 

7 163.9 






PDWEF 

32.37 

DISCH 

P 285.0^ 






LFF 

0.-^5 67 

DI'"CH 

T 165.6 

FUFL 

TUP LIME 

LOX TUFI INF 

INLFT P 

20 .8 3 

R HD I N 

70.886 

4c 4^4:4r4c4 4 

# * ♦ Jji :8 * sit ♦ 

DISCH F 

229.31 

8 ht; r?UT 70.891 

FLOW 


( . 5 76 

FLOW 

C . 5 76 

DISCH T 

9] .759 

INLET 

C7PM 95.5 

POWE R 


E 9 . 5 ; 5 

PC^WFR 

18.89 

RHCt TN 

9 .929 

NPSP 

1G.F9 

EFF 


0 . 5h 16 

f: F F 

0.5968 

FHD CUT 

9 .33C 



INLET 

P 

39 1 . 10 

ir4LLT P 

282.19 





INLET 

T 

7 51.7 

INLET T 

731.0 

« 2ND STACF # 



DIS PCS) 

?t<^.51 

DIS PCS) 

266.22 

POWER 

33.51 



DELH ACT 

f 3 . a'. 

lflh: act 

2 3.2 

FEE 

0.9C0I 



M. VFL 

Q 

0.285 

M. VFL P 

0 . 22 ? 

INLET P 

223.60 



AGO 


C.925 

ACD 

1.133 

DISCH P 

927.12 



PCT hP 

B'?.61 

PCT HP 

156.72 

IISCH T 

97. 1 



HP TRANS 

6.3 

P/P 

1 .0^ 9 

RE’tj LiUT 

^.238 



P/P 


1 . 201 ;: 







FOE L 

INJECTOR 

LOX INJECTCiP. 

4t 4 4< 4: 4c 4r 4; 48 4^ 4^ 4c 4^ 4^ 4^ 4^ 4^ 3^ 4 4^ 4^ 4? 4: 4c 4c 4: 4^ 4; 4^ 4 4: 4^ 4^ 4< 4c^ 

4t4j4:3^ 4t 4;3;r3jf4i 4^3}t >{! 

4 3j/. >5c 3}C 9^? 5{r 4: 

^8 * 3?s ; >6 

s)< 



4 

DELTA 

P 

27.50 

DELTA P 

1 ( • . 91 

’E NIXTURF 

PATIO 


6 . 0 C 0 4 

INLtT 

P 

261 .r 1 

INLET H 

299 .71 

* THRUST 



?7f;0. 4 

INLET 

T 

737.3 

INLFT T 

16 5.6 

’J' IMPULSE 



^^ 6*^6 4 

ACD 


) .29 2 

ACD 

0 .398 

» CHAMEEF 

PRESSURF 

I3h^31 4 

MV 


13.569 

9 Plj 

70.11^ 

* 



4 




• MV 

1 .892 

^ 4^ 4c3»i 4c 3ic4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4' 4 4 4 4 4 4 4 4 4 4 4 4 
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JACK FI LEAK ACT L tU'C b 

FLCK l.OC WLEAK 0.1 12 

INLET F *«E6.7] wn/P-FUEL O.C 

INLET 1 47.1 WT/P-LCX O.C 

DtLTA FJ 7c.2o7 TCXP O.C 

DtLTA TJ 7(>t.634 FV XP ^A**4*t* 

TFP 737.321 


FF; CONTROL VLV THRUST CONTROL 

DELTA P 40. 3F ACu 0.3176 

ACL 0.2012 WT[,:Y/KF ^6.431 

K fACTCP f.C.3131 WTCY O.'^Cl 

P/P 1.339 


SYSTFH PPrSSUPP LOSSES 


Ot/F DIS LINE 0.022 

KE/P DJS LINE 0.009 

PUMP IN TP STC C.716 

PUMP LIS LINE C.137 

JAC IN LINF 0.2t6 

JAC DTS LINE C.O 

FULL TUHL IF? 2.347 

FUEL TUf^E ns A . B9E 

FULL INTR LIME 2.4 6E. 

INJ IN LINE O.C 

OX TUPL IN ^.Sll 

OX TURB DIS 0.0 

INJ IN LlNt 



CHAMBER 

])C9^- AX' A A A A** 

PC (INJ FACE) 234. 3C3 

IMPULSE {CHAMBER) 447.804 

IMPULSE (CELIVFRED) 446, 9BE 

Ml XT URf KAT 10 ( INLET ) t ,000 

MIXTURE RAT IO(CE!AMF ER ) 6.679 

CS O.'^BC 

ETA C* 0.993 

AREA RATIO 40 1. 000 
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PRATT & WHITNEY AIRCRAFT 
Florida Research and Development Center 


Category IV Engine 


TANK HEAD IDLE 
INLET CONDITIONS 


Fuel 


Oxidizer 


Pressure = 16,0 psla Pressure = 16,0 psla 

Temperature = 36.9 °R - Temperature = I63.8 ®R 

Saturated Liquid Saturated Liquid 


Fuel Sid e Oxidizer Side 

Plow = .15 Ib/sec 

56.9 ®R Main Pump Discharge Temperature 
15 i 9 PSIA Main Pump Discharge Pressure = 
836. *R Injector Inlet Temperature = 

11. A PSIA iJ^jactor Inlet Pressure = 

599. ®R Injector Pressure Loss = 

7.0 PSIA 
0.006 lb/sec 


Chamber Pressure = 5.9 p:jia 

Thrust = 73, ibf. . 

Mixture Ratio = 4,0 

Impulse = 385 sec 

Chamber Mixture Ratio* 


Plow = .04 Ib/sec 

Jacket Inlet Temperature = 
Jacket Inlet Pressure = 

Jacket Discharge Temperature = 
Jacket Discharge Pressure = 
Injector Inlet Temperature = 
Injector Inlet Pressure = 

Dump Nozzle Coolant Flow * 


163. 8 »R 
15 . 9 PSIA 
579 . *R 
15.6PSIA 
9.7 PSIA 
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MODIFIED RLIO OFF-DESIGN PECK 


CATEGORY 1 BASELINE O/F = 6.0 8-21-73 


INLET CONDITIONS 


4i ^ A 

FUEL 

t jV -y >J: t^c tjc y/< 3 ^ 

LOX 

PRESSURE 

I6.1j3 

PRESSURE 

19.71 

TEMP 

36,9 

TEMP 

163.8 

NPSP 

o.a3 

NPSP 

3,71 

FLOW 

4.89 

FLOW 

29.34 


FUEL TURBINE 



FUEL PUMP 

(MAIN ) 

LOX PUMP 'MAIN) 





if :*1 ^ 5<< ❖ -S' =5^ ^ + 

4c4i + ❖>;' >i>' 


FLOW 

4.283 



SPEED 


29034. 

SPEED A 614. 


POWER 

569.26 








EFF 

0.7267 



FLOW 


4.8 90 

FLOW 29.340 


INLET P 

670.14 



INLET GPM 

504.5 

POWER 85.45 


INLET T 

438.3 






EFF 0.6421 


DIS P(S) 

494.50 






INLET P 19.71 


DELH ACT 

93.9 



* 1ST 

STAGE ♦ 

INLET T 163.8 


M. VFL R 

0.415 



POWER 


231.81 

DISCH P 526.80 


ACD 

1.074 



EFF 


0.5361 

DISCH T 169.6 


TDIS MIX 

416.29 



INLET P 


16.U3 

RHO IN 70,893 


HP TRANS 

85.4 



DISCH P 


471.20 

RHO OUT 70.152 


P/P 

1.355 



DISCH T 


44.712 

INLET GPM 188.0 






RHO IN 


U .398 







RHO OUT 


4.311 







♦ 2ND 

STAGE * 







POWER 


251.20 







EFF 


0.5142 







INLET P 


471.20 







DISCH P 


911.51 







DISCH T 


55.9 







RHO OUT 


4.196 



FUEL INJECTOR 

LOX 

INJECTOR 



I|t « 1^ « * 4< ♦ 4> 

I(c 4c4c « 4i # itc 4t 4c 


♦ 



DELTA P 

73.98 

DELTA 

P 

51.56 


♦ MIXTURE 

RATIO 6.000 

♦ 

INLET P 

474.52 

INLET 

P 

452.10 


♦ THRUST 

14997. 

♦ 

INLET T 

416.3 

INLET 

T 

169.8 


♦ IMPULSE 

436.13 

♦ 

AGO 

1.994 

ACD 


0.732 


♦ CHAMBER 

PRESSURE 400.54 

♦ 

MV 

55.035 

RHO 


70.081 


4 > 


♦ 



MV 


16.784 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
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JACKET 

41 4c * 4> # 4c # 4e 4i ♦ * * 

FLOW 4.62 

INLET P 872.50 
INLET T 55.9 

DELTA PJ 163.345 
DELTA TJ 382.398 


LEAKAGE C BLEED 

4c4c#4c4>4cc 4 4c4i4c#4cc44>4c4c 
WLEAK 0.070 

WT/P-FUEL 0.0 


RM CONTROL VLV 

4c 4[ « « 4 « 4 4 4> « 4t 4c 4c 4c 4c 
DELTA P 74.71 
ACD 0.6072 

K FACTOR 6.0371 


THRUST CONTROL 

4 4 ♦4'4c44c4c44c4c« 4c44 4 
ACD 0.1329 

WTPY/WF 11.142 

WT6Y 0.537 

P/P 1.368 


SYSTEM PRESSURE LOSSES 

444444444444444444444444 


PUMP INTR STG 0.0 

PUMP DIS LINE 36.756 

GAS VENTURI 36.014 

JAC IN LINE 3.073 

JAC DIS LINE 0.0 

FUEL TURB IN 0.0 

FUEL TURB DIS 9,202 

INJ IN LINE 6,098 
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MODIFIED RLIO OFF-DESIGN DECK 


CATEGORY I BASELINE O/F = 5.5 8-21-73 


INLET CONDITIONS 





FUEL 



LOX 



PRESSURE 

16.1*3 


PRESSURE 

19.71 


TEMP 

36.9 


TEMP 

163.8 


NP 

£P 

0.1*3 


NPSP 

3.71 


FLOW 

5.18 


FLOW 

26.47 


FUEL TURBINE 


FUEL PUMP (MAIN) 

LOX PUMP 

(MAIN) 



4^ 4' >(■ 4= 

4n*< ^4 i4(4<4'4'^4i 

4' + *44'4t 

FLOW 

^.611 


SPEED 

29478. 

SPEED 

11791. 

POWER 

603.59 






EFF 

0.73C6 


FLOW 

5.177 

FLOW 

28.473 

INLET P 

6b6.04 


INLET GPM 534.1 

POWER 

06. P3 

INLET T 

406.7 




EFF 

0.6349 

DIS P(S) 

497, BO 




INLET P 

19.71 

DELH ACT 

92.5 


♦ 1ST 

STAGE ♦ 

INLET T 

163.8 

M. VEL R 

0.426 


POWER 

247.71 

DISCH P 

544 . 50 

ACD 

1.072 


EFF 

0.5455 

DISCH T 

169.7 

TDIS MIX 

385.09 


INLET P 

16.1*3 

RHO IN 

70.893 

HP TRANS 

86.8 


DISCH P 

484.10 

RmO PUT 

70.193 

P/P 

1.370 


DISCH T 

44.006 

INLET GPM 

182.5 




RHO IN 

U.398 



- 



RHO OUT 

4.331 






♦ 2ND 

STAGE ♦ 






POWER 

260.40 






EFF 

0.5213 






INLET P 

484.10 






DISCH P 

937.08 






DISCH T 

55.9 






RHO OUT 

4.211 




FUEL 

INJECTOR 

LOX 

INJECTOR 

4t ♦ 4t 4t ♦ ♦ ♦ ♦ 4« ♦ ♦ 4i ♦ ♦ ♦ 4t 4< 4< 4> ♦ ♦ ♦ ♦ ♦ 4i 4t 4i ♦ ♦ ♦ 4< 4< * * 


34c ^ ^ ^ # 

♦ 



DELTA 

P 79.88 

DELTA 

P 51.92 

♦ 

MIXTURE 

RATIO 5.500 ♦ 

INLET 

P 477.41 

INLET 

P 449.38 

♦ 

THRUST 

14867. ♦ 

INLET 

T 385.1 

INLET 

T 169.9 

♦ 

IMPULSE 

441.80 ♦ 

ACD 

1 .996 

ACD 

0.732 

♦ 

CHAMBER 

PRESSURE 397.50 ♦ 

MV 

56.003 

RHO 

MV 

69.913 

15.692 

4- 

♦ ♦♦♦4«*4>*4t*4‘*«4‘4<***4>**4‘4‘****4'4‘*4-4t4‘* 
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JACKET 

Ht***iHf*** ******* 

FLOW 5.11 

INLET P 893.45 
INLET T 55.9 

DELTA PJ 168.334 
DELTA TJ 350.850 


LEAKAGE C BLEED 

****Hf*********** 

WLEAK 0.070 

WT/P-FUEL 0.0 


RM CONTROL VLV 

**********i)i***iti* 

DELTA P 95.02 

ACD 0.5221 

K FACTOR 8.2034 


THRUST CONTROL 

*it.**^***^*****^f^ 

ACD 0.1140 

WTBY/WF 9.074 
WTBY 0.496 

P/P 1.391 


SYSTEM PRESSURE LOSSES 


PUMP INTR STG 0.0 

PUMP DIS LINE 43.350 

GAS VENTURI 37.949 

JAC IN LINE 3.130 

JAC DIS LINE 0.0 

FUEL TURB IN 0.0 

FUEL TURB DIS 9.U87 

INJ IN LINE 6.289 
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MODIFICO RLIO OFF-DCSIGN DFCK 



CATEGORY I BASELINE O/F = 6.B 8-21-73 


INLFT CONDITIONS 




FUEL 

PRESSURE 

TEMP 

NPSP 

FLOW 


16. U3 
36.9 
O.U3 

4,69 


LOX 

PRESSURE 

TEMP 

NPSP 

FLOW 


19.71 

163.8 

3.71 

30.51 


FUEL TURBINE 

FUEL PUMP 

(MAIN) 

LOX PUMP 

(MAIN) 




FLOW 

4.076 

SPEED 

2E682. 

SPEED 

11473. 

POWER 

545.37 





OFF 

0.7237 

FLOW 

4.692 

FLOW 

30.508 

INLET P 

660.73 

INLET GPM 

484.1 

POWER 

85.17 

INLET T 

461.5 



EFF 

0.6494 

DIS P(S) 

493.82 



INLET P 

19.71 

DELH ACT 

94.6 

♦ 1ST STAGE ♦ 

INLET T 

163.8 

M. VEL R 

0.408 

POWER 

220.22 

DISCH P 

511.60 

ACO 

1.076 

EFF 

0.5295 

DISCH T 

169.5 

TDIS MIX 

439.39 

INLET P 

16.143 

RHO IN 

70.893 

HP TRANS 

85.2 

DISCH P 

460,40 

RHO («UT 

70.213 

P/P 

1.338 

DISCH T 

44.624 

INLET GPM 

195.5 



RHO IN 

U.398 



. 


RHO OUT 

4.307 





♦ 2ND STAGE ♦ 
POWER 238. 7C 
EFF 0.5075 
INLET P 460.40 
DISCH P 891.04 
DISCH T 55.8 
RHO OUT 4.186 


FUEL INJECTOR LOX INJECTOR 


DELTA 

P 

71.69 

DELTA 

P 

INLET 

P 

474.04 

INLET 

P 

INLET 

T 

439.4 

INLET 

T 

AGO 


1.990 

ACD 


MV 


54.163 

RHO 





MV 




55.73 

458.08 

169.7 

0.732 

70.115 

17.915 


♦ ♦ 


♦ MIXTURE 

♦ THRUST 

♦ IMPULSE 

♦ CHAMBER 

♦ 


RATIO 

PRESSURE 


6.5CC ♦ 

15211. ♦ 

432.13 ♦ 

402.35 ♦ 

♦ 


^^yti:i^!ifit:rlli*iH:^ify^^Hi*^******************* 
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JACKET 

FLOW 4.62 
INLET P 855.08 
INLET T 55.8 
DELTA PJ 159.225 
DELTA TJ 405.752 


LEAKAGE C BLEED 

4t 4c « 4 : « # 4 > 4i 4 < # * * « » 

WLEAK 0.070 

WT/P-FUEL 0.0 
WT/P-LOX 0.0 


RM CONTROL VLV 

4c4>4i44 «««♦»«««<<«* 

DELTA P 53.50 
ACD 0.7458 

K FACTOR 4.0242 


THRUST CONTROL 

4e 4< * 4> « 

ACD 0.1420 

WTBY/WF 11.821 

WTEY 0.546 

P/P 1.352 


SYSTEM PRESSURE LOSSES 

1^ 4c4k 4c 4c4t 4^^ 


PUMP TNTR STG 0.0 

PUMP DIS LINE 35.727 

QAS VENTURI 32.114 

JAC IN LINE 3.032 

JAC DIS LINE 0.0 

FUEL TURB IN 0.0 

FUEL TURB DIS 8.91*6 

INJ IN LINE 5.926 
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Appendix V 

Maintainability Engineering Layout Reviews 

During the Critical Elements Evaluation and Baseline Engine 
Design effort, engine design layouts were reviewed by the Design 
Maintainability Group to Insure that maintainability requirements 
were adequately considered In the engine designs. Maintainability 
Engineering Layout Review (MELR) forms were Issued to document the 
results of these reviews. A total of 20 MELR's and 5 supplementary 
MELR's were Issued during this study as a result of these reviews. 
Of the MELR's Issued, l8 are applicable to the three final baseline 
engine configurations selected and they are classified as "active". 
The others do not apply to the configurations selected and they are 
classified as "Inactive", 

Copies of all of the MELR's are Included in this appendix. 
Section I contains all of the MELR's that apply to the Derivative 
IIA and IIB and Category IV engines whereas Section II contains 
all of the Inactive MELR's that no longer apply to the baseline 
engines In their present configuration. MELR's are Included in 
this appendix for the following engine component layouts: 

Section I. Active MELR's (l.e. those applicable for the final 
baseline engines) 

Oxidizer Boost Pump (Layout #228068) - Applicable to RLIO 
Derivative IIA engine. 

Two Position Nozzle (Layout #228113) - Applicable to RLIO 
Derivative II and Category IV engines. 

Two Position Nozzle Seal (Layout #228303) - Applicable to 
RLIO Derivative II and Category IV engines. 
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Two Position Nozzle Brake and Disconnect Valve (Layout #228330) - 
Applicable to RLIO Derivative II and Category IV engines. 

GO2 Heat Exchanger (Layout #228365) - Applicable to RLIO Derivative 
II and Category IV engines. 

Two Position Nozzle Seal (Layout #228367) - Applicable to RLIO 
Derivative II and Category IV engines. 

Turbopump (Layout #228398) - Applicable to RLIO Category IV 
engine with RLIO Derivative IIA Interfaces. 

Turbopump (Layout #228398) - Applicable to RLIO Category IV engine 
with minimum power head diameter. 

RLIO Category IV Engine Installation (Layout #228401) - Applicable 
to Category IV engine. 

Primary Nozzle (Layout #228402) - Applicable to RLIO Derivative 
II engines. 

RLIO Derivative IIA Engine Installation ( Layout#2284l2 ) - Appli- 
cable to RLIO Derivative IIA engine. 

RLIO Derivative IIB Engine Installation ( Layout#2284l3 ) - Appli- 
cable to RLIO Derivative IIB engine. 

Turbopump (Layout #228436) - Applicable to RLIO Derivative IIA 
engine . 

Valves (Layout #228480) - Applicable to RLIO Derivative II and 
Category IV engines. 

Quick Disconnect Valve (Layout #228368) - Applicable to RLIO 
Derivative II and Category IV engines. 


Section II. Inactive MELR's (l.e. those not applicable to the 
baseline engines in their present configuration) 

GO2 Heat Exchanger (Layout #228062) - Applicable to RLIO Derivative 
II and Category IV engines. 

GH2 Driven Low Speed Inducer (Layout #228118) - Applicable to 
RLIO Derivative IIA and Category IV engines. 
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Section I 

Copies of Active Maintainability 
Engineering Layout Review Forms 
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I^MAtNTAINABlUTY ENGINEERING LAYOUT REVIEW Appendix V 

Sy MODEL Ri -to PER \s/ AT\^BJLA page / 

LAYOUT NO. 22^0 6 g title OXIDIEE E BOOST Vuhnp ^cHBMa 

SHT. / of~7~ chg. Vc. designer -p- -T/?£N£>C.HeL. 

REVIEWED BY nJ • (Ou/CtC. EXT. DATE S'- /O’ 73 

/NreNT I p>ro\/(DB co/ocsPTux/L. vsc/iSrAJ of F 

GeAfz. Boost pumP^ 

OXID/EF lE ISOO^T FU_MJF 

CD TX/E: /f/JD ^SHAP-T" t'^BDc-T P£Qlj/^£S TABWAsHEF^ 

3P)F£.ry £ac.P. 

(^-THE BR<S /}ajZ> iuu c. -pBCpu/Ra A PULLED 

Groove t'o pFc./iiTATB 

d) T//E /A 1 RCOL.EP: seal. P//J& /S r) Se.PF(2.nTF pRZr HAJD 

fT- Z.5 sms/L-Y /f=- ^ 

/T A) PFS.P)R.S 7'A/A T T/VB BCCST Pu/^P CA/U S(E A5EPT/P RTFIR 

FROM 'T'^/E <h*(eCK LU'THOUT- ~TC> R7UZ/-/ ’T-RC'(JSC..G: • 

AXA\//U PUMP 

/F APPERPS> 'TRAP PPG puMp Y>AjD <^'S0K MUSP BB 

p£/ OOVGD Y)s AAO > 

(D rf// Vi-ni^E'rARY ^^AfZ BR<^ incus'd A/AVG EXTSP-hJAR 

/UREAJCF//JG FLArS> TO FA) C/L/rATB F/J^ TAB BRG /'I). 

RAEG Supposes SPCOSD 8 b PA^T CP TA/B RLftTB ^ 

C BPPESr esS UJS(-E> /AJ 

FOLLCTOP — 
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, mPEL/^L'/o D£^\ V' PAGE 2- OF S 

LAYOUT NO. Z2g06^ TITLE 

SHT. OF CHG. DESIGNER. 

REVIEWED BY UJ ‘ (pU EXT. DATE 

(2) 7~HiE 7^/L/9 aJ£ 7~^^Y >M srAL.£~£:0 Bncti:WAf2.V3 ^ 

5SB 

(S> THB ^HCOLD 6B SS f) L, 

So THB-Y BB £l(THi=^ iAJ/9Y A hJ^ 

/7 puLLBtS. <^/loay/(S 3 Houud BB 70 FACtCfTATE 

/C?£'/WOV//)^ • 

Q>'rHB POMP pHAP'T <9BAfZ MhJ BB /NS,7 Ac.lBD 
X>C)UOlA ^ pocOP'RooP //^Csr IB AJBBPB£> CstbP 
P pull BB. <SrPoc\/e C'B THEBPDBD sSHooL.l> Plso 

BB //UCLodBO PO/B (sbB SK^BTCp ^ 

CH) nfO pcLLB^ BP6'S QPD &E fpsrftlLB£> lAPSiDS VCioNf 
pOOLR/SLCaPf /^(h- 1^ AIEBDBZ^ ^ pULLB/^ SRoo^JESi 

SPcuLp BE /PCLUDBP IP PAc.toirATS JYbi^osjA^,, ^ 

^ TH^ rDOBJR GBAB Pooc.pPooPE.P By COpPf6(JPATfoNt 

/P /r /:3 /m^tallbi:> uPpfp^ r>C(jjAj CcPTi'^^BeASLE 

Z/(/rB/ep^RB:LjL:^Bi t^hb. CxBA^ a)pd tbS // s ^- 

the pump epLL. BRCy OAD ee /MSTAllbO UPP/DS 
t>C(jufJ, PooLpf3t coFt hJG' kJBB-VBD t /) pULLBfS. GfiPoMIB 

/yJFLBlAB.0 TO pf)BI UfTAFE. pEMoYf)L^ » 


FOLLOW UP 
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MODEL 2 L'fO / 

LAYOUT NO. title 

SHT. OF CTO. 

REVIEWED BY fH ' ! OsL 


DESIGNER 
EXT. 


PAGE 


DATE 


FR -6011 
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Appendix V 

OF S 


~r^/B 'pof' ip /./)S P>P(y z h'f'oc. p 

/) PUL.L.B^*^ G.CoovB CB Pci.r.^ f=e>C 

czt-G 3 


■ -V d c:o3^m (Z / / 7-^5 - / 

P /^£: F 6 ZO 6 y 

(j^ poPP /h'jp£:^^i-.(Z3.3> /‘JPB i By COfJFl(^UPFr^o/J . 

PCJ' )CV I'l p3P')7''03'3:p_ \H(^UC.t:> 33 //JCL-UP £ZD, C PCJLL^^ 

(Gpr>ovs cK ^ 

(7T) £:c:Fj^ PPCP3G£: z..pcuc^o 3 :b: pool-pPocfbO 

y^O /Z->/Cc'£= L/<5!TA/T' APS/9SS^ <^y^o 
(3 CI3/F1/PPT3 TH3 Pa'JCT i~0('..kc tj^'3 7718 L.oC!:C 

::.f)Pe:iy.oK) thet 3R(^ pejptpc/3. PihJGo 


FOLLOW UP 
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should BB FB 

/>CrTH<LHSrD FC 

Plats C^bld 


HBLR - ZZ2C 
\aJ Zf Of 6rB IB ^ 

Pifi 73 
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«L,Xi:;l2£rt BCCST 


1 


J 





VAIN OXIDIZES rU 


MeLJ?-2Zi06>% f-t 
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■ MnT)KT.V;:> DEP-mT WB UA page/qV/.,. Appendix V 

LiNYOUT NO. TI TLE 0)( ! Q ! >7~ ' . J - 

«;ht ! ny / CHG. '/r. DESIGNER ^ 

EXT. ♦''■T-4 O DATE >< ••/.?• 


REVIE\'JED BY / 1 .' ■ \'7^' U > /'-r L. fh''' 


- A-/T CcPY 

P/^oVfi:>£^ /locBS^ //JTc^AVjOI. 


Or 


C^J> A^/^-O'/zOirr P/cCill 
'~7~b/^fPuG 


3 S. //A-.',.OU.i /->>'- rr f/jpAJO 

://^a Or- XzJ/- //— • •■^"■;///y T7^/////5‘^ 


S-OSGi-JT-fPO /K/j:Sp£:cnU'rJ 

/?o:a 7~o /?cco/ uj/t^' yr/a . 

OB/J^/ajtS //Jp:T/)^aai:> //J 77/^^ 


FOLLOW UP 


! ^ 
I 
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Maintainability Engineering Layout Review 

; MODEL jo I^£R :\/A r/\j£ UA^ P IE page / 

/ tJOZZLa 

LAYOUT NO. ;?Zg//3 TITLE fiJ>VAriC6I> l2U O CCAT JIJ TWO ROSfnoA 

SHT. — OF — CHG. aJ 
REVIEWED BY /i) < 


DESIGNER -R^r/^OCTMAN 
EXT. DATE ^ g :. 7^ 


/ of z. ^jo ap^a^bn r AiA ikjtai/oab/l, / ry s z> 

APCPB DE.TAfLBD /lOFCiSMATAOhJ pf^OViDG.Ci C/^ • 


2. oB 2- 

L AYOUT ^elctaoka A- a 

S’£:PRfAJ&S> ^HOOLD BS CCA t^Of^ F=CB- BcTfif 

F/O/yJS J TH^y ^HoLfLD 3B CTR I CAB 

THBi CAK) BB nyj^Ti^LLBO Brrnee- wAy afid pullbb. 
(S-fecovB^ SHOOL.O BB PBC^\/tD(BD BOB 075/ 'RBA'OtPAB^ 

2^ THB ZJFiA^S :SHcul.O BB CcM^OK/ Poe. 5i?7// CofOPBC.T/orAS» 

S) TffB Hcuz/ /J6f ::^Hc>oc-D HA\/B. WP£McH/nG 'P/2p\//'Sf ot^JS SO 

/T CAKJ BB ^AFBcy iPHfCS THB /S SB/N^ 

0 FLiyi/PATB: THB ER^ T> 7 ^> ^PANhJBR AUT ^ BccIO 

AFfP A/OO u^Ez A B^TAtsJ/sJ6r B/fJB AS SHcv^hJ 

/AJ THB e>RF>o: 5 fTS: CC/UAJeCTiOfA ^TM A ^ LPCUL.D 
RSDUE-B <B£><tT A A/D l-OG-t^Tt OS> • 

y-HB. L/p ^pvoc.t> Bor)a^oaj to a^c. Locations* 

tHB :^PPC.£P1 ^HccfC^ By zsy/^R)^rpicAB so IT CAAJ 
BB //0^r/?^^L e£> EtTHBp. WAY AMD pi/UB/B &R0C\/B^0HOOOO 
BB PRCV'/D^O /P RBOU/ReO POR 7)/SRS^BP?B^~Yf 

FOLLOW UP ' 
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PAGE 
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LAYOUT NO. 222 t /3 TITLB 

SHT, OF CHG. 

REVIEWED BY /pp /GrU iS ^ _ 


DESIGNER 

EXT. DATE 


J-/1Voa7' S'^G> 4" 

0 P'^0\/fC>Gr Ck) ^UPPCJ^'T /P RSQUlRBO 

p-oC 7)(SPSSB/^0l~Y* 

2!) tHB SHoucD Bjef /c/9d- p>u£-L.Be. 

6rRo\/B^ s>h/oaUD e>B /fZ>£>G£> /P RB(pafRBI><> 

sj) fZC.t Mt UATIB^ ^p£-IT /?//7<SS /)AfO LJSB /? " V' " 

4^ W CfiS£Lt^/iTBD SPPKiJJBB Pur SHOULD BB- USED 'TO /MPPOK/S 
T’OOC. PfJDr'HG p//UAJBj;> ^OCP :5H0ULD BB ,FBPL/^C£0 

KffTH fO TAB WASHBR :SPPBry WH/CH BA5/£^ a1/^L^ 

y/£iV K 

/;) BL / A^/AJAyB THBr THB BF & PAC € B > 

f)/uO THB /UUTBo 

2j) THB SHOULD Be OOHiHOM To BOTH SNDS OA THB 

SCRBUJ ^ 'T^/By BHouc-r> SB syMHBTPtcA^- So 
TBey BE //usr/f£^^e> /aj e/TAve/^ pos/r^opf hno 

poLLet£ (S/!soo\^e^ £>Hooc.D &e /jDDeio to fac/l/tatb 

'0 THE BPG SPAAff^BE JouTS iv'LC p£0ufPE H TAB^UA^HE^ 


FOLLOW UP 
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MODEL PAGE 3 

LAYOUT MO. 2.ZfUl3 
SHT. OT CHG, 


! FR- 6 OII 
Volume II 
Appendix V 

ot a 


TITLE 


REVIEWED 


BY /U’ tpnr^L.ey _ ext. 


DESIGNER 


DATE 


4;) TH^ BR<ar -T-/^ ^HCUCP SB RST fit Ki£P WITH A j 

y/£rW JL • WAS U/0(J^Z> f/JAT& 

C ^^ Dcjc ^ CZ €> s , T ^ ^ r/c • 


y//g lA/ 

a) THe ^P>A9AAAJ^/^ AJUT^ COfCi^ RB(f>u/ASB A TAB \N B'SiHBB. 

L . oc . t < • 

't''^ TMB BB<s C'R' ^PAA>fJS/e AJUT vb^Y VOO^ 

Too^//j^ /yccBB*s> ’ /! d4SB^L/iTBO /JUT yjouLD 
f MPR ^ 0 VB \ AJPEPC // /^ eecs ^* 


FOLLOW UP 
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MODEL RL'ID VERN A n ME JLA, ITS fTSZ PAGE J OF / _ 


LAYOUT NO. TITLE 

SHT._£-OF_J_ CHG. t4C^ 
REVIEWED BY 



EXT. 2ZC-0 DATE _4l 73 


/NT£N2> - P/^tKf>oa /^U /K)pRO\/&0 ^KTEND/(5L5 ^JOS^ce 

FO(Z T7/^ /^DVAhiCel^ T^L -/O J/?7- JZT 
ROCfCaV EEF(h/KiB.e 


/J) three :SCHBhABS /fJ ORVE/E OF PREFERS f^CE> 
^Cf-/EF?E (bolts, 4 Eochlajuts^* 

CF) SE^S aCMPOtJ£S)TS FRB EF)S/ cy j^£pL0CBD . 
Cb) use. TfiiBLoCTS OJ SE/)L FR//J3 7=^^RTB 
:;5 chbf^E: ^Tjr cTBccj^) 

(co Sere Compo/jenis /^ee aFis^Ly peplrceo* 
(6) use TAB Eoac<> cP ^etFe. j^ihJG~pLRTB E oeTE>. 

SERE SUPPORT RE reMT/OAJ BDLTS THREAD 

fMTO "TAPPErlD Holes vjhich HRE D/EFfcucr 

TO 7RBRR/R /r=. TH^i FiRE 

sche^^^J31 Crnbts^ 

(F> Ri\jarerD CcHsrpucr/ohJ makes Seal 
RBPCR^BME/^T MORE. D/PF /SOUT TH^rJ 
' /H 'BOLTED ‘SCHEME^ 


FOLLOW UP 
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PAGE L 


rn-'-JUix 


MODEL RL-IO DCr^lVATw/B nozslb /^u'r.K 

LAYOUT NO. ZZ*^530 TITLE 
SHT. / OF / CHG. Ajr. 

REVIEWED BY /^ ■ / i^<L. £ '/ EXT. 


Volume II 
Appendix V 
OF 


_ . _ «o ^ o /JCTOA re-TO 

3ysr<f= /w ^Ti > "D '/ 

NE R ^C, ^ 


DESIGNER 


DATE 6-7- 73 




O - ^^L£K)OfD r)eruAT£o iv>ll S£: /) 7‘'orotnrc.£0 

( ■ B ./ UDO /<^ /•; ^ a ^ r e 

^7~ ~^^Air T'A/a T\r/c> AJo 

T>/?/^.P f./ fzc. ay H r. o u c.z:> :~p <v.*" .5 

A'V:5/?/.^/£>-AJA.-)£Ajr 07=- 'TH^ S/7P. /p' OK) a ^CL£N0fO 
MlTH.PUAJd'T/OriS ^ SUCtOKIHT' -TH£. ^OL.£AJOfT:>£> 

)£>&■ Ca/F^erD> /AJ B/TH^PZ 

/A/£/ajEt <r>A-)i'.- BB///A *Z~ 'T.HB- /’V ./' . 

Cscfc ATTA-^-HfeT:? 

^^3 Ai>r> /TfOAJPC^ /A/PC>AZK-AA')r'/c^A.) /^S /P- A 

CoK/PRe.A/£=.AJ-:S • {/B Ma) /A fTA tfuA B)l. f ;tS5ESSM£AJr- 
/-5 y7o ^ A /> , yyB Pocc^ /<./ /AJ<b r^)/SSAs / ■ > ' -' - . 

BB P£^''/A=:i\y£Z:> (uHEZK) 7HB VL£/<saJ )t> P//PM- 

O MoOPTfPCy ' A^CBSS r=cB CHBOkfcor A j^EPU)ct7)^€ti'r 
BA . acAJAJErjr > OA )^^ ' 

<j REPAf/c: Ook)^)DB0AT)OaJS^ 


C.OArr 'AAUB Bzi 


FOLLOW UP 
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MODEL RL-IO \JAT* 


PAGE 


OF 


LAYOUT NO. TITLE 

SHT. OF CHG. DESIGNER 

REVIEWED BY /.U ' CJ/ji, </ EXT. DATE - 7- 7.=i 


Qu/C/^ 7 >^^CO/^aJBCT 


/)PP£f7^S TO B£ t^DSipUATE: /hJ TO 

TNE TOB& TO BE lajh£AJ IthG 

fE> 

/r /^RP£Pe.s the T/=if2.TS> T)j 9£ f=OOCp/^oOFEt> 

S Y cZc/jp/ <h-cj/EH t/ohJ • 

Ca^) CEfiLSSHOOHD BB OOMMOhi TO T-^T BCTH SIDES, 0!^ 
EPHBPiCYiC EBfiO sXoikiT , 

Cb) SPHEfS-iCY^o SBfiL. ^EfiTSi SHOULD BB CohiHUDhJ 

'TO tscTH ^'DES. ‘ 

3J USE: Bolts SELF BcCF/^JGr PUTS OD SSFL. , 


' 4- FOE irsf^ chll out - 


FOLLOW UP 
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PAeE 3 OP ^ 


CURR&HT 



SOLeNOlPft WIRSD IW 
S6RIB& IW-UIM& ^ 
^FPOSlh>& 


S0LEM0ID5 W»RfeD IN 

sepie-^ COio66K)rRic 



MELR- Z2.8330 

RL-IO DERIVATIvG 

V^QUi6LBY <*'>73 
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MODEL RL-IO D£Rm T) v£- aA- 0 ->. t '■ 

LAYOUT NO. ZZ% 3 (oS title EXC^ ■ Ru 0 CftT£ 6 ,o/Zr JT 

SHT. y OF / CHG. A/C designer /t^< /-C? H/A 9 / 9 A/ " 

REVIEWED BY /L) CpU/CsC. BY EXT. DATE 


//vtbajt: ppdVfDB /9 cot^pncT hZ-i- -Oi. u./^x tH£ 

/^^/O c.Y)T JZL * 


!) fr/i^pa/Qes THAT THB HSX a/)^ Sa BpcJt^wAfZDS 

a^orcf=>RcoP>hJ(y /5 osa 1 :>/FFBRbmT ^/SB 

C/3 CFF-- BB-T A=B/9aJGB^ TO T^BV^t^T 


/IWirtcto A B /^r-oRAAPr ^ohJ /C 5 ;«?£=(j 7 AV/e'^rO /A /9 
CCHPr<£.HBAJ^>Ya /Ce/AJT/)/AJAlB/Bfry ,/SS£SST'BAJ 7“ /SJO 

/ZB - T7/£ POlLoi-u//JB> lu/ll qb PBV'BvjbD 

THB FHPh-^ > 

C^) TUBB TO HBK RLH/JC^B P/ISTBNBJ^^ (jSOiTS. f ZocA:Hor^ 
C/:>) fZB\ AyJOUAJT/ AJ(^ T/^Ov^S/OHJBi FCfZ Y^COBZS^f Sfi-^^TY 
BY! SB: OB )^BP^Y/<SBHO B AJTI 
C<-) COA>S/DBR^PTfOAJS ^ 
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MODEL PI.-/0 D£‘Pl\/A ri PAGE V 


OF 


FR-60I1 
Volume II 
Appendix V 

z 


LAYOUT NO. TITLE BxrBhiD/BL£ hJoz^LSRpfiL 

SHT. / OF / CHG. A/r. DESIGNER iV. fTASTh/jAsI 

REVIEWED BY /U ■ EXT. 3>Z<j-0 DATE ^ ■ Z4 ' 73 


//vr<^AJ7“ - P/S.CV/DS P SCHBMS POB. 7~HB 

/2Z-/0 r.Ar .TsT 


0 (icpicGUT^ic. 0^/9^ /2/Ay6S c^HooLX? SB 

ro PAC/LirATB RBPAf/2. o p-TiB 
(2P^ SB //U STBPZ> OP KBPi^/^C/AJ<^ 

A COMPLBTB RfAJ(Sr ^BA<Lo 
^ C.c^p/go/Sj^/-/oa-> pp&vssjr^ REMc\jAi^ 

CP TPB ~ByT£Pfj I^UE /OOZZLEr PROM i-HB RBAB oP 
THB JO PBPL/90E. y-HE. fODZZLE THE PK)6/SJ£ 

MOE>r SE PBMOV'BD PAJD THE ExTSPD^BLB MOZ'Sl.B 

/<, Tpp/jsLAr-BO Poa\PAl^ OVBa. 'J^OiVBE PEAC>o 

SHOUCV /PVB^T/ GATE ’THE 'poSS/B/L./ry 
op A S>bAE lAJOOLD cHtoiO y-PE A/OZFLE 

SB SSP^ACEO PROM y-pE F^EA/E LU^r//our 
S/U(^/fOB RE:Mo\/ABo SBB AttPCHEZ> EKBPCPo 
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,E/u<3 /ajg- 7^^ ^ . 


Af£l/? Z2S3(>7 I'/ 
iO^QU/GCEV 
8-Z4-73 



Maintaina^li|^ Encineering Layout Review 

MODEL pggi^ri/ss ' 

^ TO .,r^T LD ^uPrH ^RL/O CATIL-A fM^TA L 

LAYOUT NO. gggOyQ TITLE //Vrg/g;»=>\CjS% 


PR -6011 
Volume II 
Appendix V 
OF / 


LLATfO^ 


SHT. / OF vJ’ CHG. a/^ ~ 
REVIEWED BY l^'QUIh^CSy 


DESIGNER 
EXT. 


W 


^RAMr./& 


DATE 


IiZSlJSL 


/KirBhfT - / D£ Coup'^ p^oe. ao/^/aj f* 

OX i- PUBL. ToMPS / /ajOB/^CP^JBCT-^N^ &^S^X HA'fnJOr 
puec. ^ OX /PLBP Z>/A1'PS) /PBPT^ CAB TO CAT JL‘ A 
r//^ C^'BoK ^ChJC^OSBS 4 6>BAf^TR:P/AJ VJ^>CAf AUoHS 
TMB^ f=oBB ^ BO K 775 P’S SV 

l-ox PUMP f \AfhficH r>/kt\ffpBS A oyAjd. >plb£l 
G>SA l2. TfiB MA/aJ POMpt* 


0 



/JzpptnofJP^ fyiFORf-OAfTAOAJ RB<4>atPB£> fP A OOMPRBa^BNSiVB 

K/)OfA)TAitUABtL.f ry A^BSS^MBajT f^TO SB MADS > 

TH£ pOLLo OJtJJG COfOB Be 'pB\/f£\AJB-r> 

THB 2 P£ 5 /^a/ P/^M • 

Cas^ PDS^oAre POCBSB y-O TA/e PuMR^ to "PSBMtT 

ppppie PNX>/oP T^ePL/iCBMBf^lT 
(h) ptOLpPtOpffUG ppOU/S>/o/JS^ 

C^) peppff^ cofJ^toePPr/oNS> ja ^ ps bbac. pepLABBMBi^r, 
SBAe/fJG PBPLAOSMBa^JT ^ BTC. s 
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PR-6011 
Volume II 
Appendix V 

MODEL ^A7~JEr , PAGE / OF / 

^//i ,aeOi>T t P>UMP COKif-K-r'S, UJ ITH 

LAYOUT N0.?,gj?sS9^ TITLE /6 6/0 CAt'T //J^r ■ 

SHT. / 0F \^ CHG. N'r. DESIGNER 


REVIEl^ED BY ( U ■ i^T) U > E:'/ 


EXT. 


1^0 


DATE 


Copy - 


/J) P/^ov/£^B /Jco&SE, Pb/^ 

Z/U::5/^?eC'7-/o/^ op /P/JD ^ 

cZl^ 7^/2./?i//0£r /ZCC^SS> *7B // (MJ rr Z^P/OO 

CZ/^O ^ 0>P P-CJ/-;P^ c^P/lPLPPP/ 


77 /^ ppays PSSBNP//9C^ /^JjspfUaTfohJ 'F€(pO/ZPP OPTO. 
/Zpp TO B& /■7 ccoa^p^/3HBJ2> cu/tP TPS \ 

0^A/a/AJ7E /P^T^<l^e:~0 //J 77 /^ O:^P/)CZ0 PUS- 
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PR-6011 
Volume II 
Appendix V 


PUMP page 


OF 


/ 


MODEL PL/O n/^fSWA 

LAYOUT NO. 22%Z9% TITLE puQ CAT >f^t^rnuAr/otf /hfT£prA<l^^ 

SHT. OF CHG. DESIGNER k!' P/PANdfi, 

REVIEWED BY tO' EXT. DATE 7 - 73 


fNTShJr / Pf^0\/IPB ppBLfM,^A/ZV 6oUft<i'S FD/? Pu£L ^ OX ^ A^/?/V 

i- &00£>T PUtMPS. t Ahi fNTBfZaOt^t^EC.TlhJCs Cs' HA\J*t\i6r 
FUBC ^ OX thJLBT^ POCAT^D CAT JL A )hi L£T 2^ ^MThJ :Sf'ot4S, 

Tf/B <a'eOK £iMC.Lo^es. (^£A!2.T/ZPfr^S FO/£. DRw/AfCy T^S 

Fu£.u 4 OKipizae. ls,/'s> ^RCf-iTHS ox rur^eopuMi^ 

4 l^o/z ^vPcJ& -r^£ FOBL^ ff CX H)A/R RoMPS^ TA£MP»/J 

POMR f^OShJB Cohil6,'S F)PS BASBTP uPOhJ Ai'S'B ' 

PUMI'=^ P/SG'k y)02)/FfE:D -TO PBPL£:CT R£\/'D TCJjZS. 

4 £^F£\/AT/OhJ£. OR CArZnL . 


/ic?Dfrtr>fOp6. fRFO/^hOPpO/tJ p&QufKiBZP A COMPR£HENSr/£ 
K^f)( S)'TAl'hJ T'f /)SS£SS>R)S-/\fT /S TO SB • 

Tf~f^!poLL.o xjlhjUG BB wH£f^ 

yHE: z:>Ei^fc:rAJ 

pD£^oAT& /^OCBSS, 'TO T^a pup) P’S, TO PBFiiMlT 

Pbpf/B apv/o.c. papuicGtMSM~r 

4h) pOOLpPt^OT^f ppOU fS>/o/JSo 

|(T^) paPRfB cop^iDsPPr^otJS ps sbfc. pBPLFoaMBf^r^ 

' BBAe/fJ&PePLAOBt-l^hJT^ BTC. s 
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PR-6011 
Volume II 
Appendix V 


MODEL DEf?mrW& CAT JET page / of / 

&/S, BOOST PUHR AS£ HSCs COPfK^'S 

LAYOUT NO. S TITLE g7<r/y PC/O CATJZ'A/^^T> ! t^CCS 

sht. \3 of 127“ CHG. MC. DESIGNER ^ 

REVIEil'JED BY /UaDOfr-rL.S:'-^ EXT. O DATE P~/Z>- 7S 

/ 

/) P^oVfDiE /^ CGBS'S 

// U ^ f ^ CT-/OTJ OP S ‘ PPP // J < Z >^ /PAJjP ^ 

/^ ccEiss , 75 ^ 


& CZPBC , ^ 


T 






c3r,^:/7/^:: TTe/^/z/s'. 


77 /^ PBay& PS3SNP/r?B /U^PBCJlc/^ FO:pcJ/P£/'7pBrS 
TC> B& /^cc.0A^?Pd./:5//Bi:> uj^tt/ Pz/S 
// J ^ r / 9^iLBO //J 77 /^ 0 :^ P/)CS 
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PR-6011 
Volume II 
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OF / 


LAYOUT NO. ZZ259C TITLE H/kllt^uH [MST^UAnOf^ 

SHT. Z. OF J CHG. NCS \ DESIGNER \AJOrr> fG^ F^^ASinJ^ 

fO ' ^U/tsr^Gy EXT- DATE 2l is- 73 


REVIEWED BY 


/Atr^tKjT^ : ppov>Dcs PRBLtMt CcfJCBPro^L cBcaj^/6's^ pof^ 
<^'8o)cB^ HAVtsJG M/KilM/^C. PAV/PL EN\/EL0P^ 
P^TBCT^OtJ& ♦ 6 jx> €^NCLOS.E 

ivHiCH ^Ll.ovUS T"Ha 0)CID/ZE^ yO/^BfipoHR Tox:s ‘ 

TO^ Z>^\\/E TH€ ± 'wmc>H 'p/Zov/ipS^ 3 

^ypCs fOLC/C. 5 ^^V£•^A/ 7 "/if Mp/A) Oc)MrB>. 



{ 


0 4ipp>rfotO/f^ fpFo/^Mnrfo^/ A 6 omPPB 8ENS\^/£ 

ju)f)( pTAlh-i ABfw ry /jS6£S$>t-^EMT TO £B MPVlS • 

TH£ poLL.0 lUfAJG pREA^ B£ \pH£AJ 

~THE TPEL-^/^/J 

.^DBOPATB- r)OCB.^s. "TO T.'^B puM P>-^ Tt) PEI^.MfT 
pBPA!^ f^,PT>/c.C. pEpU}cCxR'>^^TT 
Ci^ poc^pPoo>^^‘ / /-JG ppo i//S/0/P^e> 

C^) pEPPfB GCPi^!D£PPr^ONS Be, pB pBPLACBRrE 

SBAP/fJG pfBPL A , BTC.< ^ 
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I , Appendix V 

DEQmrwB C/iT JJZI , \ page / of / 

l POM/=> tviTH 

LAYOUT NO. 2. TITLE RAH/I^L. 

SHT._^ OF ^ CHGi Kir,. DESIGNER IJU ■ 

REVIEWED BY H J ■ O / Crr L. E:^/ EXT. .^Z4 O DATE 7.E 

/ 



0 P/^oVfO£ /IcaBS'S -hCje /aJ7^/SAJ/)B 

// U :5/=^ B . CT"/orJ CP /7 AJD ^ 

r7ccB::5S> /^^.bolu p^c/:Z /r //)pAJO 

^~7~b^pu& OP 7PcJr..;p> 


77 /^ ESSb! JT jy?L^ /UjSPBaTI of^J FPOO/pOMpUTO. 

7T> /)OC o/rPB^.5r/BO> caj/j-P T^yP 

CP/JC^/AiP //JA5T/)r.BPIZ> //J^ T'/rPJ PO(^ 

■ yypp / cri -^. * 
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model/?/, to D£p)\/ Ariv'a JjT page / of / 

LAYOUT NO. " 2 . 7 .^ [ TITLE f C Lfl’T’ / Q /-J 

SHT. / OF / CHG. hJC^ DESIGNER tS ZTLPr^ SZ- 

REVIEWED BY / iP f L. S 'f EXT. DATE ^ - />'♦ 7 P, 


THE SKIRT iK> ihJTHE STO\^BD OR. Rbt/ZRCT’&O 

pos/r/o/^, /ACCESS T’o 'THa EhJ&ihiE pUMPS, VAlvBS ^ 
pLOHJEfNE /K) BLOCKBD^ 

(T KiPP£:E)7?S> that TH!£ tub iUOUCD A/AVS-TO SB 'p£H)0\/BO 
f=^ROH THE 3f~/Or76F /!A/p THB tJo^ELB SR/PT BXTBMr^BlD BEPO/^B 

//jora or/opJ And cIchponent pbroaobhekit /hp//jtbnpnob 

TASKS CAN BE N0CCHP7-/CPE2:>^ 

LoHEfJ 7EN&HJB-/r^O AAJTER'^PflCB /B MCJEE A^iBAlEL^f 

TCFfNBO TMB PoL^LaW f kJC:, lU'C.L ~BB pOJIBNBu 

poe. //HPKKCT osj f^yyH/NrP/K>As^cfTYx> 

C^') rfCOBSS TO AOfHNf FUBC. /?a/o OXrDf^Bfd /JJLBT 
l/fJB CCNUBC.TfOAJS^, 

0^ PCABSS to BAJ<f/AJB f^OUNTihJB'ROmr 
dcfJfJ^ CT/o aXS « 
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MODEL RL io VERW/A Tl \/E iTWj JZIig page / 


PR-6011 
Volume II 
Appendix V 
OF / 


LAYOUT NO. 
SHT. / 
REVIEWED 


CHG, 

/<J rj ) nfG > c.^Y 


TITLE PPimity fJOZ^LC: 


designer lU- £ZAT^T/.-n^l 
ext. 3Z4-0 date 


krf 9-73 


f^jTe.fJT.' PROVIDE: /) PREL ’ 
fiJOZS.L£^ R-OR: TRI^ 


^^S/6rAJ Op- iTHC: PR) yiRR.Y' 
Ft-/0 VSP'Vrl'nvB JT e:F 6>/ KfS: o 


O G ;■ c-,cng-Box. Cur-ours 

T^Rtz^POG-D uj<?z/^D£D O/U 80££>GS !Oh/iC.H J^lPf fcuUT 

TO /!=. 77/^^ TPA'ypGE’D ^ Su6&esr 

FfK/GrGJ:^ OAJ xjOT pi-pTS:^ t~o pp)<c/t-/ tptg, pBPP//z 
' F/G ^//£1£;7" 

/p THE.V BBOTHar 
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m\m. RliO -ZT/^ page / of / 

^ . pL/o * 

1J\Y013T NO. 7,/.7Rf2^ TITLE Jg /?’ f /U^TAL L^—'nr.i 

SHT. / OF / CHG. DESIGNER Z? ■ L.t^\A/A'1 tO f'J 

REVIEWED BY lO ^UftSCG-j EXT. O DATE Z/ X? 


/M7BMT • HROVtOCE R RR€ L/ L L./^T'/ or-S 

2>p/^ iv/NCn CP irffGr RL^/O z>£Ri\/RriV^ C7J6JhJ£!‘ 


0 iUH€LfJ> po-z-ZC-Er 5K! RC /:5 f/J T'HG' SVOUJ&O OfS. 

RaTRn<zr^io 'pOE^rr/osj ^ Rccass'To rnci 
■pOA-fR^ ^ {//)L\/B S ^ RNT> 'pBUMJR.fhJC;, -BLoc,RL£’r:>o 
yNGr pO^Zta ^KJRT SB 7=>UT //J TH^ SXTBNDSD 

^0^,r/O^J -mBRORia: /SJ^PBCLT/OI-J RN-o/oPS COMPOi^eMT 
/^BPP.nciE:HE:/<fT RfP)/Mrs\jRAJC.& 'r?)i5k:S, ap?AJ BB 
/Jc C O p/pp/^ HBrB> • 

iOHBu rna £:hJ&/hJa/ro6r /urBJ^F/JR:& /p> mojse. 
CBP.BA)eE.Y ^BP/tJSO THB pcuualU/hJB RUbRS ioilc 
3a T^bi^/bujbip poe /HP^ar oP M^if^T/)fP^RSfL/rY' 

C<^') /Jcc^^s TO MC/AJ pub a rWD OKIDfZS/Q IPbLt 
JL/ub cCc/jf^Bcr/of^S' 

/7cccs^ TO B/JCr,fPB P)OUK)T/P6 t'PC>/KJT C0kJK)BBT/OPS» 
<r^3 /KCBSS TO /7/JZO BNVBLOpBS 

POB BAJa/UB (BOA^POjUBKJT^ . 
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MODEL Ri !0 I VA Tl 


/:>L/o z?£ven//>r»\/^ 


PAGE / 


PR-6011 
Volume II 
Appendix V 
OF / 


LAYOUT NO. 2‘^W4/3 - TITLE .^71/^ / L/9T/nr^f 

SHT. / OF / CH^ A/Gi. DESIGNER r-'- ■ i'/ r ! 

REVIEWED BY >< )■ EXT. .^7^^ H DATE 


>/ )■ 






ff^TEf^T ' T^REL/ ^ /fJ:ST/i^- i-AT/ or-J 

7)piA \,KJ / NG op RL./ O Z>ERr/Pr'VEr JLB EhJ6> nJ6 ' 


0 /J 0 zz^<e 5K.!Rr /aJ 'tHg sro^jj&o 

jRaTRO)<zr^i:> ’po^fr/or^ ^ pccsssyrD 
pUPiP^ J ^fiLVBS ! /}PJ7^ /O 'BLoCfCErn. 

pHGr PCS? LB :^KIRT RiUST SE-PoT /A) THB EXTENDED 
R0^,T/0AJ :SBPOR:Br //Jj^PECT/ON OORlPOkiaAJT 

rep/l/^^&heajt M/^/ajobajpajes anxj b& 

/}CCO AAPP/77 H&D • 


UJAIEN the ^^jB/hJa/ri^67 /UTBDFPIC& mOpB 
C2^EA)*^^Y E>BP/UBJD ’TiHE: pc uualu fNB a)£ePS to ill 
BEl ~Fe\//BlubIP POR /Pp'/)CJP ^;0 Y'lOil PT/) ! N O F / £~/ eY ‘ 

C^) /^CC£--SS TO Pno/A) PUBL^ rWD OXIDl2lEP IPL.Lt 

0/k)H LD/JaJB.C.T/0/\JS' 

A^ccES% TO b/Jl^/PB mount/ PB ioo hot OcuPBdr/opa. 
PCOBSS TO p/jzo p,e:aolpi£:.ephboJT envelope^ 
Po/BL BPB/kJB OZOA^POXJBAJTB , 
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m\m.RUOT)eR^\JAT\\/E^ c^~i page / 

TO B/ 9 C< 

LAYOUT NO. ^Zv^3h TITLE Ox /D^Zf>0 ^5/ /^N D 7U!^30PO H , 

HJO, 


PR-6011 
Volume II 
Appendix V 


OF 


f- 


SHT. / OF 
REVIEWED BY 


CHG. 


fjj • (D U C, (S' 



DESIGNER 
EXT, 






date Z3 


intent ' pf3t\/tOS /f PfR£:L./A^/K>/!iteY Ce>^JC£PTUff^^ ^£s/6./^ 
Fee F 3/)cF Tc> £FaK oytoteF/e ^s/ ^ 
TupBoPuMp FojS PUO CPT JT/9 - 


Othb ipLBe SBAe cflfJ BF /NsT^Lceo B/9c/t:iuAei>So 
se&TCH » 

2) rHB OXiDIZB/e iNLBT /N Due Be AAJD fMpB^-CBe peB 

FcoL-P/zocp^^ CBoK)FfBU/ZFF/otJ* 


fH£ oif^Dtaee maif pump ball bbap/kib should favS 
p PuLLae (BRoevB TO PAcicf'TAre i>^As^e^BLY, 

4 ) tHB Oy\DtzSe pump gear IE FOoCPPOoPED jsy Ccpp/B^ 

UeATfCf^^ 


77 /£ coupLttj^ shapt /s PooepecoPBP 8y ccpPi&ueAT/ou 

FPD tT RBPL.FieBt> fF ^ 

^)rH£r ecupLiNB BEAPnsiB OoTEB /iACB 

^HOOL^ /? PULLSe Bt/^OOVG 'TO FACfLiTATB 

RAeB Pe,Mo\jAC^» 

FOLLOW UP 


V-31 


PWA 10696D Rev. 10-71 




Maintainability Encineering Layout Review 

Roo cAT.SA PAGE 


PR-6011 
Volume II 
Appendix V 


MODEL / 


LAYOUT NO. 


OF 


SHT. 




TITLE 


OF t 


CHG. 


REVIEWED BY uJ < 


DESIGNER 

EXT. 


DATE 


TffS Bcosr ’PUMP fMPec.LBiS. IS FcocPfZceFej> 

oKa^zse soosr pump (MPstcsf^ ^sAl. 
PB^At^fCy P&PuAcBPBLB /F 
9) THB. 0)ct^lZB.P. Qccsr POMP ptCLB/B 

Stioouo F POLOBie a^lZCOVB OK) THB IM/OBiB 

RAC& 70 PFBjl ITAT& 

Ic)tH£: <9BAB REiTFl UtKjC, BoCT :yHouC-Z> ///9l/<S- 

K//<£N(2H PCFT to p/zboBMT Z>pFiA <$• ^ nCt TPB 
Boar ^BAD 2>UP/AJ6r /AISTAB^FT/oM ANDj^BMOVFLa 


oyiDiZe^ 3COS>T PUMJp:> BALL £BAaRiaJ& 
■2 Hcocj> a POLLBB. &RC 0\/£ lU THB CUTBB 

TO FAC/^/TATB- BSM)0\ypa • 

0 THB SCOST POtMR <SBAB i3 FOCC.RROCFBP 5/ 

CcPF/<Sru^Fr/oAJ j tr tr /s> /pSTAcc.Br::> SficrwAtauzi 
THG RB.TA / K> f AJG- QclT’ uUfCl, /a/TB/QF^B. latYH yv/<S 
CooPi-^fU^ ^HAPT 

/sj) THBr P^Aa)bTF^Y RocL&e BSABfNA :5HooCO 

poccae <^pox/Bs> op THB ima/bk racb R arA/PB/B eiR(^s 
7P FA^f^fTATB 

FOLLOW UP 


V-32 


PWA 10696D Rev. 10-71 



FR-6011 

Maintainability Engineering Layout Review Appendix V 


MODELig^/0 CAT JE/^ 


PAGE OF ^ 


LAYOUT NO. 




TITLE 


SHT. / OF / CHG. 

REVIEWED BY UJ ■ OQlCrCBy 


DESIGNER 
EXT. 


DATE 


14) TH^ pofAP 7 ^ Fooc- 

/©/ CCUFfCxU^AT’^cf^- 

7HB A/oOSf/JC>^ ^Hcold lUtcoPB 
irO %?Gtt/i4tT BCPBSCOP^ //JBPBCT^Of^ 
3BA^fN<»S A>BE.OBi:> TO 

/f 6 .C.t>OU FOT^ 'T 0 P(f)O^ < 2 HBaK LufTHOOT^ 

sea eKBTcH 

:s^F£TY Of^ FM£ MFiaj pa^p P 

AJoF. 

17 \ pi^dPAi^B ^TfiCBS ^HooLZ> SB pooL.pPOO , B‘ 

TO ppe^BhJ'T ^f^~Assaf^3L^f‘ 

SHOULD B£ foolproof BO TO ?Pev£r^'^ 

SS£ MB ‘ 
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idler < 3 tSAR 
CCRK6CT 
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Appendix V 



- idler 6EAR. 

MlDASERMauKD - 

m«rALL»D BACiCWAeO* 


<^EAfte>o\c 

Housi^Cf 

vu IT/-; isoss. ~m ACco^AOom^ 
AliAPTBe. HOUS//J 6 0 / 2 . \ 
COVBrR. . T \ 


/iccess HcL£ Mi^»r 

fiESO S<£ 0^/?.D FC/2 
'BCI2£SCCP£ //<J:SPiECT/orJ 


APFPTE ./2 H 0 O£>/hJ<-, 
/ (S BAR USED FOR 

TORQUE check 


TORQUE r')PR/./BD THRU 
CSHAFT CUD SEAR 
TO Rur )P SEAR. 


C-Z 2 ^S 43 C> SHT / / 
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, MODEL /7^/C> TeJ^iVAT W/e 7L.A ^ JL 

LAYOUT NO. 2234-30 TTILEjGi^O VBRWATWEr Jt. VALV^^ 
CHG. hJCL DESIGNER /-0\aJMI^i^ 


PR-6011 
Volume II 
Appendix V 
OF ^ 


SHT. / OF 2. CHG. MCL 
REVIEWED BY \AJ ■ /p! ) l^S.Y 


EXT. ^2,4-0 


DATE 


n- 7.a> 


INTSMT- • pRt\/lOB /? PREL.ft^ ! Z>Bf>/^K/ OP TH£ 

I^Lio VERWATiva JZ cthrpoa vAu/zSo 


l) 6 fiSE) 0 S 0 XiD/ 2 £/B l/Al[/a 

C^) TH£ VAIVE /£> Rocc.rRooF-£lR Sy CCt^Ft&uRRTfOhi^ //= THE 
VALVE !t> y^OUhJTEID /KiTHEL w)RoN(s pOS t T > ofJ THB 
VENT LlfJB F/TT/hJ6 \{j/LL 3S Po‘’ coT OF poS/r/cN ^ 
oyipfza/2 FLouj cokjtroL valk/b - 

THE V/l^V/E IS Fccc.F>Rt)OFE.O Qs/ CCtJF ^ 

the end fehs/£e^ have Different 'Boet 
ELirc.eE T>! n F10TER“Sy 0‘2 v/s- '2‘S Dift f)FPQ.OX^^ 
OVIDI2.E/2. /HO.ET ^HOTOFF- VAI-VE - 

TP) the valve /£> POOUP/Z.OOF-EL:> ©y COUFK^URBTION ^ 
YHE /RL.ET A NO OUTLET SIDES aAAVB. 
X>ifFEHCmT y)cuDT STOO P/OTTEF’AJS. 
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MODEL /?L/g DeSW/ATl vE- ■ JT B ,JT 


PAGE "2- 


LAYOUT NO. TITLE 

SHT. / OF “a- CHG. AJC^ DESIGNER 

REVIEWED BY / ' C7)() / r. i. €.' / EXT. DATE 


PR-6011 
Volume II 
Appendix V 

OF X 


4-) fOEL. /A/iLB-T \/AL\/B. 1 

77/^ VA(.v£: f:t .r-lD By dLcM^i G UB.fi'" 'Of-J ^ 

TH^ /NL^T out CE.7- ,jUAVE: 

i>/PF yiou/JT :btuo pBTT-E/e. AJS • 

C^) THEL <^X 'D/ zBAJD P0€L- ^biL.E.T 

rSHUTcpp^ \/^L.VE^ ^EiSJKJOT BB /hFTB^cMf)^<BBO ^ 
7HB ^fyiALLBB/i^ T'HAaj t^he 

/D/Z.E/^ VAo\^B * 
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MODEL QLIO JJZ^ i PAGE / 


1 PR-6011; 

' Volume II 
Appendix V 

OF / 


LAYOUT NO. ~ 2 Z ^ 4^0 TITLE ^HO DB^W/AT B VAL\/£^ 

SHT. Z. OF ' 2 - CHG. A/O DESIGNER V KJ iE 

REVIEWED BY lU ■ QUI&LE.^ EXT. 2 Z. 4-0 DATE S • f 7' 73 


/NTENT ' SSB. /^/EL.i 2 f=a^ L.fi^/OoT E>HT- / 


0 B^PftSS VAL\/e ■' 

(a.) tHB vAl\je: /S /=oocjt=’^oo^ Zy C^uF/dTUR/-ir'/oi\j , 
'/ALsjE :sHooEr> A/p\/a off- set 

F)CUKjT HoeB T’o TP^avBAJT /AJTE/ECHfihJGl AJ& 
THEr y/EL-ZUM ^ \ZEAJT E/fjE cEOaj U E.QOT ' ^ 

Ui>€ TWO -D/FFE^ENT .Sl^e 


TAtJK TRSZiCU/S /P/QT/OfJ \'AL\/E (fUBL- j- O)^ > O / Z.E - 

(a-) taIB c>Hol)ED FAy/B. -D/FFEFElAJr :r^/zE /FLEF Af>D 

OUrc.£T~ F}OFPTB/2S> VEevENT AaJ-ETA LL > K>& TFE 

BPO PajO > AJTEfa<LH F >J E- > mG THE 

Coaj£ECF/o/FSc 

ii>) the rFEE / P££SScjRIE.A)t/OAJ \/AlVEP 

/AJT^/2.<B.A//0AJGEF)EE.t=r o 

cZooCFt^T \/Al-\/E : 

Cou) E'FA^E aJoTE /■]£. ITEF? EO^:) ABokjE: ' 


(h) -FHE HCV 6HAJ BE fprEeCHHA)£>^0 7 uiTH THE TEE55- 
UF^Z-FT/OhJ VAL-FEEi J PoobjdrooE/AJG /S PE(pF/£EE> 

po peeuenT fPs/!ssem'^^Y<> 
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MODEL CAT ir TT^ TTB 

^ ^ 0UICC D/^CO/0/JSC.r 

LAYOUT NO. 2^8J3^g TITLE JUCZZ./ /E /=-£&T> S^^Te.M 
SHT._^ OF / Cp. A7r^ ' DESIGNER /i^. /=^/4 

~ -4-0 ^TE 


PR-6011 
Volume II 
Appendix V 

PAGE y OF / 


REVIEWED 


BY Ltf ' EXT. 




lNT£h^T - pflCVlDB /? tpo/cc V^-^CO/o £C.T CcuP>U/N& FO/2- 

~r^a FO^ZLF F^FO OF TV/^^ j^c-/o catjsl 

l^iTH THF E)(T^FDI Bl.£t ^IoZZLF. 


>9 tH^ valve NUT^ ^ILC~ FE<puflEE >9 TABEoCf^ 

t7/<£^ kJuT£> K)^^D Foo£p>FOOf=/AJ(^ - 7'//^5/ 

JS£ /NTE^HA/Jc£^0 /9^£> TTiB^ CP^J BF //OE>T /)LEFD 

iJP^tOB '2>CtuhJ* 

/ PF VALvBF P&EO FOOCFROOP//J& - THFy CPaJ 

nuTB/^CHA^FEr ^r> ' 

^J> thbibb ffpe/^/^s ya SB ff fob^uate lea:> //J 
TO EhJsoBE PPoPb/B. \//}eVE r)<^'6K)MESJ'p> 
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MODEL /?Z-/0 D£RlV- 2T/f,ir8.1Z‘ . PAGE / 

LAYOUT NO. 2 TITLE iT XCf lA /gZ ‘■/O PAT TTZ 

SHT. / OF 2. CHG. < VC ~ DESIGNER kj /Lfe ^ 

_ EXT. Z^40 DATE 


PR-6011 
Volume II 
Appendix V 

OF / 


REVIEWED BY /f 7 ■ jB V 


/A/r£-MT PROV/P^ Ox /PJZB/S: H£Mr £XCHAf^(aBlB . 


0 TUB f-fsx Pf BRAZBr^ Pnd WBczbo l O • r/^ 

,’iDD/'r/o/UXiC^ //UPO^MATfOf j /?B(po/RBO 

,^SS£ES,MBf^T 

TO /'^AV>er t C^HBJU r/YB /ti> 

TYiB >^OLLoix///.J<Sr p/^BY?S LVfLC^ BB- YBTIi • 


tx t^OOP^TfhJ^ Boc.A~T~"^ot-^ i^j/TfY 
To AlCCBS^lBiLfT'/ Fop. r-pouBL-S ^HooF/^<^ A^-»D 
BASS OF R£PL-AOB ^-O AP fU^TA L.CS,£:> 

BHYf RoUHCTJTI 

QY) HBX /^oUKtr 4FD 

FLU/D F//JS ^0 /JUBC.T/O/J£:» ^CfA-^TBAJFLP-^, /-?AiIP 

RS^PA /JZ Ccf>£^ fOBR F? T/OAJS « 
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MODEL 




PAGE 


OF 


PR-6011 
Volume II 
Appendix V 

1 


LAYOUT NO. 22806 2 . TITLE BKC.H ^tJ^rER, CAT JI~ 

SHT. g OF Z CHG. DESIGNER 

REVIEWED BY i*/- dpO/Gr^^Y EXT* Z'^4-0 DATE <5 T? 


INTE-NT : PRO V/ PE- p RpBLtM tt^/9R.y Z>SZ^I<Sf^ OP- A 
Cur vErip OK I ^ba t bx^ha 

0 KJcTPT/OKiS 4PP^Y BPClUAJ O/U NBLK 

A=ce 


I 
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MODEL /^^p ..?AGE /. OF 5 

LAYOUT NO. TITLE LOt'TH "TuRBff^G: 

SHT. / OF / Ci^ ~iTC. , , DESIGNER COOOT>f^ /=»«?/? Vgl/.5> 

REVIEWED BY / cJ ' ^^OK^L-^y EXT. DATE \^~/7~'7.^ 


fNTBl^T.‘ PRO VfOE- /J CoPC£PTO/i^ Z?^5/^a/ 

/? Oy^iDf^^/£ Soo^T pUHP> 

(pBS :5f^p S Poe ITEiH CfOlL ouT^ 

^oos(/^Cy pLAhJ<s£ ::5 houud /-//i\/S '7/9 c<^cpbv\/ 

-To P^ctL.trfiT-B ^BpnRn-r/ohJ. 


2) -ro'^B//J£ lOf^£.BB. /:i poo c.ppoo/=-^o BY (2o/op/&uRP7-/ohi y 

Fur /r FAYG P puou£:^ (Froovs oB Ty/PPPPBO 

^ocB£> -JO pp<ofc./rATG mo\/p^>> 

TF£ KB R/M<3 C2/^R BF //J FPCPWP^P^ y 

POOOPROO f= / aJBt /:5 aJ£B:DE.O ^ {sraPPBD "DfPRiBTBPS ?J), 

Y?iso /jBsr> publbb: c^Roeve ob t'prepdbo /Yoz-iPSc 


^'^'TH£ SPZC. B£pje//J& /c5 PooC^PVRoo Qy ^QjjAf^^ORPr-^ohi ^ 
/P /AJ^TPCi-e.Z:> jBP>CKlAJpe.T>^ ^PPAJUm/S. KfU'T CpAfNoT 

SP- P’PiOPiE^fiStZ-Y O 


f) THB .^EPkL O.PaJI> P/AJCr /rs pCCUP»R.OOPlEl2i By (Zo/ioPf30RprfoN , 
^lTT P) GRoou^ CB. 

aJP£I>/^2:> PoC P'paio . 
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MODEL PAGE ^ 


LAYOUT NO. //S TITLE 

SHT. / OF / CHG. DESIGNER 

REVIEWED BY /U - EXT. DATE 


PR-6011 
Volume II 
Appendix V 

OF S~ 


s) ^HOOCu:> csyA^A-^£rr-R/G/9^- So 

pCJC.LG.^ <Sl^oo\/&" Z^HCOL-O o 


0 THG S£AC ^pficzGi^ /S> Pot^RROOPGO BY QCtJPiCf UPPTf OtJ - 
// puccB/B csf2oo\/e <n£ TjfeB^i:>^o z^h<X)U> SB 

'TO FAajL/r^TB 


7) Z>OBS/<J'T r)PPB^'J/2.-ro SB ^oy=77G?/£/yr BloCM TO /)LLovJ 

p*£TAoo\/f^c^ <OP A/e>uz.//J(Sr 4 /v£ye rbtA! 

Puj^thb ptAJ >zHouc.r> //jsr/9L.(-B£> /?r p/j /?/</& 

~TO 'T'HB Y^£" zsbA ^ /Rjk> 6 s 7 ^/a/o YHB 
^POOLX> Y) Pai^L.EL^ GrRcc\/B: ® 

Sy y-HB oE/9^ JSB } 

fOBEXi F0oL.pe.0e?Pi^J^ ^ C^BR 7j) . 

^ YHB /C£ SB.FB. Rl/J(j 1:5 pOOC-RROoRErO 

]BY <OC>pPP^ulSAy/€>f^ t^fO'D !Y /5> fPEPLpcBFB LB- 
/R~ 


FOLLOW UP 


V-43 


PWA 10696D Rev. 10-71 




.Maintainability Engineering Layout Review 

mDEhRl'fO LGhifA rt)/^ pace ^ 


LAYOUT NO> TITLE 

SHT. ) 0¥ ~r~ CHG. DESIGNER 

REVIEWED BY /JU> > (^L>t Gr t^S.y EXT. DATE 


PR-6011 


Volume II 
Appendix V 




/^) /-r /:)pP£fORS> T^AT 7PoCC.£/e 

BE. //J^T/iCL.BO ) /UErE£> f=’OoC.P^OOBt sj6r • 


77/E /:5 :S U3C.GPT/ S T"o Z?/?Ady9^x/5 

/fJ^TA L t~ ppt OKt PKt D R£P^o « 

/y- /^ppEj^BS '~rHf^T THB :3£PCS pNO MUST 

P/J^ST BE OfOTO -tHB r^/^D THEf^ 

y-HE ^HAPT /i 

y^^£>AJ6T t-HE £/^£/e. UMTfi. T'^Ey r)PE 

*77//-=^ /-9 /J/UD THE 

i30U^Z> ££. /)^ THEy /<U^^K)6r THE" 

E./jO£R' yp£P' 70 i/^^ RB<pu/RE^ THAT" 'THEt ^RPPT' 

BE 'pULE£i> OUT OR 7"HE 
Z.//U£P l^/UfT' ^K>I^ ROP/aJ CAjfCE SB 

P>RO(U& TO ‘Z>PPiPCsB a REPi-Oa TS. f=>00/^ 

P)AJt> 'D'^/JSSEMBPy TPACTfCB * 

pptOc: hgc:> p^K£rrc.H* 
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P/ie£‘ <?/c- ^ 




’SH/VP-T \t> PULLBD THR 006 W THE. HoOSlNG 
AN»D THe SEALS ORO<s.6»eo alc>m6 

THE UMEE. l‘D- o 


MELR-EZ8II8-I 


W* CpuiG 


S-I7-“?S 
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Maintainability Encineering Layout Review Appendix V 

MODEL Ruo CATJI^, 2K page / of / 

LAYOUT NO. 22*?//^ TITLE SocST [OiTH (^h/z 

SHT. / OF / CHG. jTCL DESIGNER LU ■ /=R/9/JC,l <> 

REVIEWED BY fJU ^POf6rCS.Y EXT. 3Z40 DATE g “/?* 73 



0 P/^oVfOB pdBSS 

// U ^/=> eLcr '/ o /^ OP S '£: PP // J<^S ^ 

p/^c^/^[^£r Pcc^ss /JbC^OCxJ /4 

^ lC>cJA^p:> *77?/?/A/.5'» 


7~M^ AB^K/B PSSBt^T'/flB /Kf^PBajfchJ ^£(pO/B£MBBTS 
/^B£ TO /^ccoA^P^fZHBO co/t^ Tt/B 
^ Aja/AJB /A^ 

\/ B . p ^ ^ , 
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